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Chairman:   Dr.  C.  B.  Ammerman 
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Studies  were  conducted  to  obtain  information  on 
certain  nutritional  aspects  of  non-protein  nitrogen,  phos- 
phorus and  magnesium  in  steers  and  sheep. 

Four  Latin  square  designed  experiments  were  conducted 
with  steers  to  examine  the  effects  of  urea,  diammonium 
phosphate  (D7\P)  and  monoammonium  phosphate  (MAP)  on  feed 
consumption,  average  daily  gain  and  blood  urea-N.   In 
Experiments  1  and  3  voluntary  feed  intakes  were  significantly 
(?<  .05)  reduced  with  diets  'containing  1.5%  DAP  and  in  .Ex- 
periment 2  with  a  diet  containing  2.3%  MAP.   Treatment  diets 
containing  MAP  consistently  resulted  in  the  lowest  average 
daily  gains.   At  the  end  of  each  experimental  period  steers 
were  fasted  12  hours  followed  by  2  hours  ad  libitum  con- 
sumption of  their  respective  treatment  diets.   The  increase 
in  blood  urea-N  following  the  2 -hour  feeding  period  was 
greater  for  treatments  containing  isonitrogenous  levels  of 
non-protein  nitrogen  (1.5%  DAP  and  2.3%  MAP)  except  in  Ex- 
periment 2  where  0.75%  MAP  resulted  in  the  greatest  blood 

urea-N  increase. 
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Two  Latin  square  designed  experiments  were  conducted 
with  fistulated  sheep  to  study  the  effects  of  non-protein 
nitrogen  sources  upon  rumen  ammonia-N,  pH  and  blood  urea-N. 
Al]  nitrogen  sources  were  administered  intraluminal iy  as 
10  gm  of  nitrogen  per  45.4  kg  body  weight  and  rumen  fluid 
and  jugular  blood  samples  were  taken  at  periodic  intervals 
thereafter.   In  the  first  experiment  urea  resulted  in  the 
greatest  (P  <.05)  increase  in  rumen  pH,  the  least  (P <  .05) 
increase  in  rumen  ammonia-N  concentration  and  the  greatest 
(P  <.05)  increase  in  blood  urea-N.   Converse  responses 
resulted  with  MAP  and  DAP  was  intermediate  in  effect. 
Treatments  in  the  second  experiment  consisted  of  urea,  urea 
plus  H  PC,,  MAP  and  MAP  plus  Na2C03>   Effects  of  alkali  and 
acid  additions  on  rumen  pH  were  of  short  duration.   Blood 
urea-N  values  for  the  urea  and  urea  plus  H3P04  treatments 
Were  similar  throughout  the  sampling  period  and  values  for 
the  treatments  MAP  and  MAP  plus  Na2C03  were  similar. 

A  balance  trial  was  conducted  with  sheep  of  three 
ages  (lambs,  yearlings  and  adults)  receiving  three  dietary 
levels  of  magnesium  and  a  computed  maintenance  level  of 
energy  intake.   With  increasing  age,  the  retention  of 
calcium  aid  phosphorus  decreased,  apparent  absorption  of 
calcium  decreased,  plasma  inorganic  phosphorus  decreased 
and  excretion  of  phosphorus  in  urine  increased.   With  in- 
creasing intakes  of  dietary  magnesium,  there  was  a  decreased 
retention  of  phosphorus  and  calcium,  increased  excretion  of 
calcium  in  urine  and  increased  apparent  absorption, 
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retention,  urinary  excretion  and  plasma  levels  of  magnesium. 
By  use  of  regression  analysis  (fecal  magnesium  on  magnesium 
intake)  the  theoretical  values  for  metabolic  fecal  magnesium 
were  calculated  for  lambs,  yearlings  and  adults  to  ke: 
170.91,  122.25  and  118.4  4  mg  per  1,000  kilocalcries  of 


me 


tabolizable  energy  (ME)  intake  per  day,  respectively; 


16.87,  13.95  and  12.30  mg  per  kg0*    body  weight  per  day, 
respectively;  7.26,  5.48  and  4.25  mg  per  kg  body  weight  per 
day,  respectively.   From  the  regression  equations  of  fecal 
plus  urinary  magnesium  on  magnesium  intake  for  each  age 
group  the  calculated  minimum  dietary  requirements  to  replace 
endogenous  losses  for  lambs,  yearlings  and  adults  were: 
261.07,  235.20  and  176.46  mg  per  1,000  kilocalories  of  ME 
intake  per  day,  respectively;  28.84,  26.40  and  20.46  mg  i-er 
kg0,75  body  weight  per  day,  respectively?  12.56,  10.50  and 
6.75  mg  per  kg  body  weight  per  day.  respectively.   These 
values  would  be  specific  for  the  semi-purified  diet  fed 
with  supplemental  magnesium  provided  as  the  carbonate.   The 
regressions  of  urinary  magnesium  on  plasma  magnesium  gave 
renal  threshold  values  for  lambs,  yearlings  and  adults  of: 
1.38,  1.42  and  1.21  mg  per  100  ml  of  plasma,  respectively. 
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CHAPTER  I 

INTRODUCTION 

Maximum  efficiency  in  animal  production  is  dependent 
upon  providing  optimum  quantities  of  all  essential  nutrients. 
To  obtain  such  efficiency,  knowledge  must  be  present  of  the 
relative  availabilities  of  nutrients  in  the  various  feed 
ingredients  and  as  well  the  acceptability  to  the  animal  of 
the  nutrient  sources. 

Although  it  has  been  adequately  demonstrated  that  the 
protein  needs  of  ruminants  can  be  met  by  supplementing  their 
diets  with  non-protein  nitrogen,  a  problem  still  remains  as 
to  the  source  of  this  form  of  nitrogen  most  desirable  to  use. 
Certain  forms  of  non-protein  nitrogen  have  been  found  less 
toxic  than  the  commonly  used  compound,  urea.   However,  some 
of  these  less  toxic  forms,  such  as  diammonium  phosphate, 
have  been  reported  less  acceptable  to  animals  than  urea.   An 
advantage  of  using  such  compounds  as  diammonium  phosphate  or 
monoammonium  phosphate  is  their  property  of  being  a  source 
of  both  non-protein  nitrogen  and  supplementary  phosphorus. 

A  problem  common  to  all  sources  of  non-protein 
nitrogen  is  their  rapid  release  of  i  ia  in  the  rum   -   A 

reduction  in  the  rate  of  absorption  of  such  ammonia  would 
contribute  to  the  efficiency  of  its  utilization  in  the 


rumen  by  prolonging  its  availability  to  the  rumen  microbes 
for  protein  synthesis.   Supplying  phosphate  with  the  sources 
of  non-protein  nitrogen  is  thought  to  buffer  rumen  pH  and 
reduce  ammonia  absorption  and  nitrogen  wastage. 

Magnesium,  which  is  only  one  of  many  minerals  known 
to  be  essential  for  maximum  production  efficiency,  has  been 
the  subject  of  considerable  research  in  recent  years.   The 
objective  of  many  of  the  studies  was  to  elucidate  the  role 
of  magnesium  in  hypomagnesaeraic  tetany.   It  has  been  suggested 
that  the  older  animal  is  more  susceptible  to  this  disease  due 
to  a  decreased  ability  to  mobilize  skeletal  magnesium  with 
age.   Thus  the  older  animal  may  be  almost  entirely  dependent 
on  daily  supplies  of  magnesium  to  maintain  normal  metabolism. 

This  research  was  conducted  to  evaluate  several  non- 
protein nitrogen  sources  and, as  well, to  investigate  the 
effect  cf  age  on  magnesium  utilization  in  ruminants.   Urea, 
diammonium  phosphate  and  monoammonium  phosphate  were 
evaluated  with  respect  to  their  relative  acceptabilities 
by  steers  and  their  utilizations  by  steers  and  sheep.   A 
lamb  growth  and  slaughter  study  was  also  conducted  to 
determine  the  availability  of  phosphorus  from  monoammonium 
phosphate.   The  effect  of  age  on  dietary  magnesium  utiliza- 
tion was  examined  in  a  balance  study  involving  three  age 
levels  of  sbeep. 


CHAPTER  II 


LITERATURE  REVIEW 


The  literature  dealing  with  non-protein  nitrogen, 
phosphorus  and  magnesium  as  they  relate  to  animal  nutri- 
tion is  extensive.   Only  those  articles  having  a  direct 
relationship  to  the  work  conducted  by  the  author  and 
giving  a  basic  knowledge  of  the  related  areas  will  be 
reviewed. 

Non-protein  Nitrogen  Utilization  by  Ruminants 

The  protein  needs  of  the  world's  expanding  popula- 
tion continue  to  receive  the  attention  of  nutritionists. 
/Protein  supplements,  which  in  the  past  have  been  used 
routinely  for  supplementing  ruminant  rations,  are  now  find- 
ing new  roles  as  protein  sources  for  human  nutrition.   Such 
uses  may  result  in  prices  that  will  prohibit  their  use  in 
ruminant,  diets  in  the  future.   For  this  and  other  reasons 
considerable  research  has  been  conducted  on  the  use  of  non- 
protein nitrogen  sources  as  substitutes  for  natural  protein 
supplements ./ 

Early  work  conducted  by  Hart  et  al .  (193  9)  demonstrated 
that  dairy  heifers  could-  utilize  the  nitrogen  of  urea  for 
growth  and  that  adding  soluble  sugars  to  the  diet  improved 

3 


this  utilization.   Since  that  time  much  research  has  been 
directed  toward  finding  optimal  conditions  for  efficient 
utilization  of  non-protein  nitrogen. 

A  major  problem  resulting  in  inefficient  utilization 
of  area  is  the  rapid  release  of  ammonia.   Bloomfield, 
Garner  and  Muhrer  (1960)  indicated  that  urea  hydrolysis 
occurred  four  times  faster  in  the  rumen  than  uptake  of  the 
liberated  ammonia  by  the  microorganisms.   The  need  for 
adequate  levels  of  readily-available  carbohydrate  for  better 
utilization  of  urea  and  other  non-protein  nitrogen  com- 
pounds has  been  well  demonstrated  (Arias  et  al . ,  1951; 
Belaseo,  1956;  Bloomfield,  Muhrer  and  Pfander,  1958; 
Bloomfield,  Wilson  and  Thompson,  1964;  McLaren  et  al. ,  1965), 

Rumen  ammonia  concentration,  either  singly  or  togeth- 
er with  other  parameters,  has  often  been  used  as  a  measure 
of  the  hydrolyzability  of  nitrogen  supplements  or  of  the 
relative  microbial  protein  synthesis  from  such  supplements. 
It  should  be  pointed  out,  however,  that  ammonia  concentra- 
tion in  the  rumen,  just  like  that  of  any  other  rumen 
metabolite,  is  dependent  upon  the  following  forces  as 
enumerated  by  Annison  and  Lewis  (1959) :   rate  of  production, 
rate  of  utilization  by  microbes,  rate  of  absorption  through 
the  rumen  wall,  dilution  by  saliva  and  water,  and  passage 
to  the  omasum. 

McDonald  (194  8)  ,  working  with  sheep,  found  much  of 
the  excess  ammonia  which  the  microbes  are  not  able  to 
utilize  is  absorbed  from  the  rumen  with  some  ammonia 


absorption  occurring  in  the  omasum,  lower  part  of  the  small 
intestine  and  cecum..   Ammonia  absorption  is  governed  by 
both  concentration  gradient  and  pH.   Lewis  (195  7)  demonstrat- 
ed that  the  portal  blood  ammonia  concentration  increased  as 
a  curvilinear  function  of  rumen  ammonia  content.   Hogan 
(1961) ,  working  with  anesthetized  sheep,  also  demonstrated 
ammonia  absorption  to  be  dependent  on  the  concentration 
gradient  when  the  rumen  contents  were  maintained  at  a  pH  of 
6.5,  but  ammonia  loss  was  nil  at  pH  4.5.   Bloomfield  et  al. 
(196  3) ,  working  with  fistulated  sheep,  reported  a  reduction 
in  absorption  of  ammonia  from  2  6  to  0  mM/L/hour  when  the 
rumen  pH  was  reduced  from  7.55  to  6.21.   Since  ammonia  is 
a  weak  base  with  a  pKa  of  8.8  at  40°C,  the  increased 
absorption  of  ammonia  at  a  higher  pH  is  probably  the  result 
of  an  increase  in  the  amount  of  the  neutral  and  smaller 
ammonia  molecule,  in  relation  to  ammonium  ion,  which  may 
more  readily  penetrate  the  lipid  layers  of  the  rumen  mucosa 
(Coombe,  Tribe  and  Morrison,'  1960;  Hogan,  1961;  Bloomfield 
et  al.  ,  1963;  Visek,  1968).   Unfortunately,  the  alkaline 
buffering  capacity  of  rumen  fluid  is  not  as  great  as  its 
acid  buffering  capacity  (Clark  and  Lombard,  1951;  Ammerman 
and  Thomas,  1955;  Bloomfield  et  al. ,  1966).   Thus,  condi- 
tions in  the  rumen  from  urea  feeding  are  conducive  not  only 
to  rapid  production  but  also  to  increased  absorption  of 
ammonia. 

The  use  of  non-protein  nitrogen  sources  as  partial 
substitutes  for  natural  protein  has  been  limited  by  their 


toxic  effects  in  ruminants.   Repp,  Kale  and  Burroughs  (1955) 
critically  studied -urea  and  four  other  non-protein  nitrogen 
compounds  for  their  relative  toxicities  to  lambs.   Adminis- 
tration of  urea,  ammonium  formate,  ammonium  acetate  and 
ammonium  propionate  at  a  level  of  about  4  0  gm  urea  equi- 
valent per  45.4  kg  of  body  weight  resulted  in  fatal 
toxicity.   In  all  cases  toxicity  was  associated  with  large 
increases  in  blood  ammonia  nitrogen,  with  the  critical 
level  being  about  1  mg  per  100  ml  of  blood. 

Clark  and  Lombard  (195.1)  reported  that  sheep  which 
were  adapted  to  a  ration  of  lucerne  hay  were  less  suscep- 
tible to  urea  toxicity  than  the  ones  adapted  to  a  poor 
quality  grass  hay  diet.   They  observed  a  decrease  or  entire 
cessation  of  ruminal  motility  as  a  result  of  the  high  rumen 
pH  caused  by  high  ammonia  concentration.   Coombe  et  al.  (1960) 
observed  a  marked  decrease  in  rumination  time  spent  by  sheep 
when  urea  was  added  to  their  diets  suggesting  an  inhibitory 
effect  on  rumen  motility.   Like  Clark  and  Lombard  (1951) 
they  found  that  rumen  pH  had  a  large  influence  on  this. 
When  sheep  were  fed  hay  before  being  drenched  with  25  gm 
urea,  rumen  pH  did  not  exceed  6.3  and  although  the  rumen 
ammonia-N  reached  91  mg  per  100  ml,  rumen  movements  were 
not  inhibited.   However,  when  fasted  for  16  hours  before 
drenching,  a  dose  of  10  gm  urea  resulted  in  a  rise  in  ruraen 
pH  to  7.3  and  complete  cessation  of  rumen  movements.   When 
17  gm  ammonium  chloride  were  given  instead  of  urea,  the 


rumen  ammonia-N  level  rose  to  an  even  higher  value  (132  mg 
per  100  ml)  bub  the  pH  did  not  rise  above  7.0  and  rumen 
movements  were  normal . 

Russell,  Hale  and  Hubbert,  Jr.  (196  2)  ,  in  toxicity 
studies  with  lambs,  found  that  a  much  higher  level  of 
nitrogen  from  diammonium  phosphate  (DAP)  was  necessary  to 
cause  toxicity  compared  to  urea.   At  a  dose  level  of  15  to 
20  units  of  compound  (i.e.,  15  to  20  gm  urea  or  urea- 
equivalent  per  45.4  kg  body  weight),  rumen  pH  of  lambs  rose 
from  6.8  to  8.1  in  one-half  hour  with  urea  and  from  6.8  to 
7.2  in  the  case  of  DAP.   In  steers  dosed  with  12  units  of 
either  compound,  the  average  blood  ammonia-N  levels  rose 
from  an  initial  value  of  0.13  mg  per  100  ml  to  a  peak  in 
one-half  hour  of  0.71  mg  per  100  ml  with  urea  as  compared 
to  a  rise  from  an  initial  level  of  0.14  mg  per  100  ml  to 
a  peak  in  one-half  hour  of  0.25  mg  per  100  ml  with  DAP. 
The  above  results  indicate  the  influence  of  the  buffering 
action  of  phosphate  on  rumen  pH  and  the  absorption  rate  of 
ammonia.   This  influence  was  demonstrated  also  by  Perez, 
Warner  and  Loosli  (1967)  when  fistulated  sheep  were  dosed 
with  urea,  urea-phosphate  and  urea-plus  phosphoric  acid  in 
single  doses  of  20  units  (20  gm  urea  or  its  equivalent  in 
nitrogen  per  45.4  kg  body  weight).   The  amount  of  phosphoric 
acid  added  to  urea  was  calculated  to  provide  the  same 
amount  of  phosphate  as  would  be  in  20  units  of  urea- 
phosphate.   The  rumen  pH  rose  from  an  initial  value  of  7.35 
to  a  peak  in  3  hours  of  8.30  with  the  urea  treatment.   The 
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urea-phosphate  and  urea-plus  phosphoric  acid  treatments 
had  essentially  Identical  pH  trends  with  each  dropping  ■from 
their  initial  values  of  7.25  and  7.35  to  pK  5.9  and  6.35, 
respectively,  at  one-half  hour  postdosing.   The  urea  treat- 
ment, which  had  the  highest  rumen  pH,  resulted  in  the 
lowest  rumen  ammonia-N  and  highest  blood  ammonia-N  values 
when  compared  with  the  two  phosphate  treatments. 

The  use  of  ammoniated  phosphates  has  received  in- 
creased attention  in  recent  years.   Their  chemical  make-up 
gives  them  a  dual  role  as  a  source  of  both  nitrogen  and 
phosphorus.   One  such  compound  is  DAP.   Russell  et  al .  (1962) 
found  no  significant  difference  in  nitrogen  retention  be- 
tween urea  and  DAP  in  balance  trials  -with  lambs  when  each 
source  provided  31%  of  the  total  dietary  nitrogen.   However, 
when  60%  of  the  total  dietary  nitrogen  of  sheep  rations  was 
supplied  by  urea  or  DAP,  Oltjen  et  al.  (1963)  reported  less 
efficient  utilization  of  the  nitrogen  from  diammonium 
phosphate.   These  workers  also  found  rations  containing  DAP 
to  be  less  palatable  to  sheep  during  three  growth  trials. 
They  indicated  that  possibly  saliva,  coming  in  contact  with 
the  feed,  resulted  in  ammonia  being  released  and  the  feed 
being  refused  by  the  animals.   Problems  with  palatability 
were  reported  by  Lassiter,  Brown  and  Keyser  (1962)  when  DAP 
at  levels  greater  than  2%  was  incorporated  into  the  grain 
rations  of  dairy  cows.   Similar  palatability  problems  were 
reported  by  Hale  et  al.  (1962)  when  1%  of  the  ration  for 
steers  was  DAP. 


Another  ammoniated  phosphate  which  has  received  only 
limited  attention  is  mo no ammonium  phosphate  (MAP) .   The 
only  study  reported  on  this  compound  was  that  of  Reaves, 
Bush  and  Stout  (1966) .   They  reported  that  the  voluntary 
feed  consumption  by  nonlactating  dairy  cows  was  not  signifi- 
cantly different  for  rations  containing  no  non-protein 
nitrogen  supplement,  1.5%  of  a  mixture  of  MAP  and  DAP  plus 
urea  (M  -  DAP  +  U) ,  3%  M  -  DAP  +  U,  or  3%  DAP.   They  also 
measured  the  amount  of  ammonia  released  from  reagent-grade 
DAP,  feed-grade  DAP,  and  the  M  -  DAP  +  U  upon  contact  with 
bovine  saliva  for  1  minute  with  the  relative  amounts  re- 
leased being  333,  126  and  16  ug/gm,  respectively.   With 
respect  to  each  of  the  materials,  there  was  a  definite  trend 
toward  increased  ammonia  release  as  the  pH  of  the  saliva 
increased. 

Inorganic  Phosphate  Supplements  for  Ruminants 

Phosphorus  has  long  been  recognized  as  an  important 
mineral  constituent  of  living  organisms.   It  is  found  in 
every  cell  of  the  body  with  about  80%  of  the  total  phosphorus 
combined  with  calcium  in  bones  and  teeth.   Its  roles  in  bone 
mineralization,  buffering  systems  and  intermediary  metabo- 
lism have  prompted  extensive  research  with  phosphorus  in 
recent  decades.   Much  of  this  research  resulted  in  part  from 
its  inadequacy  under  many  feeding  conditions  and  its  cost 
when  it  must  be  added  as  a  supplement. 
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There  are  several  inorganic  phosphates  which  are 
generally  used  as  supplemental  phosphorus  sources  for  . 
ruminants.   The  availability  of  these  various  forms  has 
been  the  basis  of  considerable  research.   Early  work'  con- 
ducted by  Knox  and  Neale (1937)  revealed  no  differences  in 
growth  or  reproduction  of  three  groups  of  thirty  grade 
Hereford  heifers  each  receiving  either  bone  meal,  mono- 
calcium  or  dicalcium  phosphate  until  they  were  4 -year-old 
cows.   Becker  et  al.  (1944)  reported  satisfactory  results 
with  either  def luorinated  superphosphate  or  bone  meal  as 
ct  phosphorus  supplement  for  cattle.   They  indicated  that 
the  superphosphate  had  to  be  provided  in  a  salt  mixture  to 
insure  adequate  consumption. 

Ammerman  et  al.  (1957)  ,  by  working  with  steers  and 
using  phosphorus  balance  and  inorganic  blood-phosphorus 
levels  as  criteria,  demonstrated  that  two  commercial  di- 
calcium phosphates,  two  calcined  def luorinated  phosphates, 
and  one  sample  each  of  bone  meal,  soft  phosphate,  and 
Curacao  Island  phosphate  were  of  equal  value  in  promoting 
phosphorus  retention  and  maintaining  blood  phosphorus 
levels.   The  same  authors,  using  lambs,  found  that  di- 
calcium phosphate  and  Curacao  Island  phosphate  were  well 
utilized,  but  soft  phosphate  and  a  calcined  def luorinated 
phosphate  were  poorly  utilized.   Similar  results  were 
reported  by  Arrington  et  al .  (196  2)  when  dicalcium  phosphate, 
Curacao  Island  phosphate  and  def  luorinated  phosphate  v/ere 
compared  in  a  depletion-repletion  type  balance  study  with 
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dairy  calves.   Wise,  Wentworth  and  Smith  (1961),  by  working 
with  growing  calves. and  using  feed  intake,  weight  gain  and 
bone  concentration  of  phosphorus  as  test  criteria,  found 
the  phosphorus  in  def luorinated  rock  phosphate,  Curacao 
Island  phosphate  and  dicalcium  phosphate  to  be  similar  in 
availabilities,  with  soft  phosphate  being  the  least 
satisfactory  supplement  used. 

Long  et  al.  (1957)  conducted  two  feeding  trials  with 
steers  to  compare  the  effects  of  different  levels  of  mono- 
sodium  phosphate,  which  is  known  to  be  a  highly  available 
source  of  phosphorus,  upon  certain  criteria  used  as  measures 
of  phosphorus  nutrition,  and  to  evaluate  the  relative  . 
phosphorus  availabilities  of  steamed  bone  meal,  Curacao 
Island  phosphate  and  dicalcium  phosphate.   By  using  feed 
intake,  weight  gaJ n  and  plasma  phosphorus  as  measures  of 
phosphorus  nutrition,  these  authors  reported  that  no 
statistically  significant  differences  were  found  among  the 
different  sources  of  phosphorus,  indicating  equal  avail- 
ability of  phosphorus  in  the  three  sources.   Lofgreen  (1960), 
by  working  with  mature  wethers  and  the  isotope  dilution 
method,  found  the  true  digestibilities  of  phosphorus  in 
dicalcium  phosphate,  bone  meal,  soft  phosphate  and  calcium 
phytate  to  be  50,  46,  12  and  33%,  respectively. 

Phosphoric  acid  as  a  source  of  supplemental  phos- 
phorus has  also  been  studied.   Richardson  et  al.  (1957) 
indicated  that  the  phosphorus  of  phosphoric  acid  was  as 
effective  as  that  of  steamed  bone  meal  when  the  criteria 
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were  weight  gains  and  plasma  phosphorus  levels  of  heifers 
maintained  on  range.   Tillman  and  Brethour  (1958a),  by 
working  with  young  steers  and  using  phosphorus  balance  and 
digestibility  data  as  criteria,  reported  the  availability 
of  phosphorus  supplied  by  phosphoric  acid  to  be  in  the  same 
order  of  magnitude  as  that  supplied  by  dicalcium  phosphate. 
The  formation  of  meta-  and  pyrophosphates  during  the 
production  of  def luorinated  phosphate  was  a  problem  during 
the  early  production  of  this  material.   Chicco  et  al .  (1965) 
compared  the  utilization  of  inorganic  ortho-,  meta-,  and 
pyrophosphates  using  lambs  and  in  vitro  techniques.   Based 
on  both  in  vivo  and  in  vitro  studies,  calcium  orthophosphate , 
sodium  orthophosphate  and  sodium  metaphosphate  appeared  to 
be  equally  valuable  as  sources  of  phosphorus.   Sodium  pyro- 
phosphate was  somewhat  lower  than  those  mentioned  in 

apparent  absorption  value  but  equal  in  solubility  and 
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tissue  deposition  of   'P.   Calcium  pyrophosphate  and  calcium 

metaphosphate  were  rated  low  and  intermediate,  respectively, 
as  sources  of  available  phosphorus. 

Tillman  and  Brethour  (195  8b)  compared  the  avail- 
ability of  vitreous  sodium  metaphosphate,  acid  sodium  pyro- 
phosphate and  monosodium  phosphate  for  lambs  using  apparent 
digestibilities,  net  retentions,  fecal  endogenous  excretions 
and  true  digestibilities  of  phosphorus  as  criteria.   Acid 
sodium  pyrophosphate  was  equally  as  available  as  monosodium 
phosphate.   The  data  indicate  that  the  phosphorus  of 
vitreous  sodium  metaphosphate  was  absorbed,  but  was 
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inefficiently  utilized  and  excreted  in  the  feces.   Research 
conducted  by  Ammerman  et  al .  (1957)  indicated  that  the  ' 
phosphorus  of  garama  calcium  pyrophosphate  was  almost  totally 
unavailable  to  sheep  while  that  supplied  by  vitreous  calcium 
metaphosphate  appeared  to  be  about  50%  as  available  as  that 
of  monocalcium  phosphate.   The  data  indicated  that  the  garama 
calcium  pyrophosphate  was  absorbed  and  increased  the  plasma 
inorganic  phosphorus,  but  it  was  inefficiently  utilized  and 
subsequently  excreted. 

Hall,  Baxter  and  Hobbs  (1961)  used  washed  suspensions 
of  rumen  microorganisms  in  a  series  of  studies  to  determine 
the  effects  of  adding  various  levels  of  phosphorus  in 
different  chemical  forms  upon  cellulose  digestion.   Mono- 
sodium  orthophosphate ,  vitreous  sodium  metaphosphate,  acid 
sodium  pyrophosphate  and  calcium  phytate  were  used.   Marked 
increases  in  cellulose  digestion  occurred  when  levels  of  20 
to  100  mg  of  phosphorus  per  ml  of  medium  from  each  source 
were  added.   Phosphorus  in  all  of  the  chemical  forms  studied 
appeared  to  be  well  utilized  by  rumen  bacteria. 

Ammerman  et  al .  (1965)  compared  the  utilization  of 
inorganic  monocalcium  orthophosphate,  feed  grade  dicalcium 
phosphate,  def luorinated  phosphate  and  soft  phosphate  using 
absorption  studies  with  calves  and  in  vitro  techniques. 
Based  on  in  vitro  studies,  monocalcium  phosphate  was  the 
most  available,  dicalcium  phosphate  and  def luorinated 
phosphate  were  equally  available,  and  soft  phosphate  was 
essentially  unavailable  to  rumen  microorganisms.   In  vivo 


14 

results  indicated  apparent  absorption  of  phosphorus  v/as 
similar  for  def luorinated  and  dicalcium  phosphate  and  both 
being  greater  than  that  for  soft  phosphate. 

Diammonium  phosphate  is  a  calcium-free  source  of 
phosphorus  which  also  supplies  non-protein  nitrogen.   Its 
value  as  a  possible  source  of  phosphorus  was  studied  by 
Oltjen  et  al.  (1963) .   Extensive  metabolism  and  growth 
trials  with  sheep  and  cattle  were  conducted  by  these 
workers  in  which  diammonium  phosphate  was  incorporated 
into  numerous  types  of  rations  to  examine  its  value  as  a 
source  of  nitrogen  and  phosphorus.   In  all  studies  it  was 
found  to  be  a  satisfactory  source  of  phosphorus. 

Kercher  and  Paules  (1967),  working  with  steers, 
found  no  differences  between  dicalcium  phosphate,  ammonium 
polyphosphate,  sodium  tripolyphosphate  and  diammonium 
phosphate  as  sources  of  supplemental  phosphorus  for  steer 
finishing  rations.   Similar  results  were  reported  by  Hillis 
(1963)  when  no  difference  v/as  found  between  diammonium 
phosphate  and  monosodium  phosphate  as  a  source  of  supple- 
mental phosphorus  for  finishing  steers  and  fattening  lambs. 

Effect  of  Age  on  Magnesium  Utilization 

The  development  of  hypomagnesaemia  in  calves  to  the 
stage  at  which  tetanic  convulsions  occur  has  been  shown 
experimentally  by  Blaxter,  Rook  and  MacDonald  (1954)  to  be 
a  comparatively  slow  process.   In  contrast,  hypomagnesaemic 
tetany  can  develop  in  the  dairy  cow  and  lact.^ting  ewe  with 
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great  rapidity  (Rook  and  Balch,  1953;  L1 Estrange  and  Axford, 
1963)  .   Wilson  (196.0)  suggested  that  the  increased  speed  of 
development  of  the  condition  in  mature  animals  may  be  partly 
due  to  its  inability  to  mobilize  reserves  of  magnesium  from 
bone  as  readily  as  the  young  animal. 

At  critically  low  levels  of  magnesium  intake  the 
serum  magnesium  concentration  in  a  mature  lactating  cow  can 
be  rapidly  affected  by  small  changes  in  intake  (Rook,  196.1). 
Rook  and  Storry  (196  2)  stated  that  in  an  adult  sheep  only 
about  2%  of  its  bone  magnesium  is  available  to  satisfy 
physiological  needs.   In  calves  maintained  on  magnesium- 
deficient  diets,  Blaxter  and  Rook  (1954)  found  bone  magnesium 
values  of  30%  or  more  below  normal  but  found  no  measurable 
decrease  in  the  magnesium  concentration  in  soft  tissues. 

Further  support  for  the  concept  that  skeletal 
magnesium  in  younger  animals  is  mobilized  more  efficiently 
than  in  mature  animals  is  provided  by  the  work  of  Chicco 
(1966).   Three  age  levels  of  sheep  (lambs,  yearlings  and 
2-3-year  olds)  were  fed  a  magnesium-adequate  diet  which  was 
suddenly  replaced  by  a  diet  deficient  in  magnesium.   In- 
appetance  appeared  more  rapidly  in  the  adult  animals  and 
the  change  in  feed  consumption  was  shown  to  be  correlated 
with  plasma  magnesium  concentration. 

Smith  and  Field  (1963)  reported  that  after  18  days  on 
a  magnesium-deficient  diet  the  mean  concentration  of 
magnesium  in  the  femur  and  mandible  had  decreased  by  9.5 
and  13.4%,  respectively,  in  adult  rats  and  28.2  and  33.3% 


16 

in  young  rats.   Hartindale  and  Heaton  (1964)  found  adult 
rats  fed  a  magnesium  deficient  diet  had  a  net  loss  of 
magnesium  from  the  femur  of  17%.   They  concluded  that  the 
skeleton  acts  as  a  magnesium  reserve  but  the  fraction 
mobilized  in  adult  rats  during  magnesium  deficiency  is 
smaller  than  in  weanling  rats. 

Smith  (1959b)  and  Thomas  (1959)  demonstrated  that  the 
percent  of  bone  magnesium  in  milk-fed  calves  decreased  with 
age.   But  it  is  questionable  whether  the  total  reduction  of 
bone  magnesium  concentration  is  due  to  mobilization  from 
the  bone  or  to  formation  of  new  bone  tissue  during  a  period 
when  the  plasma  concentration  of  magnesium  is  low.   Duckworth 
and  Godden  (1941)  considered  that,  where  the  rate  of  bone 
growth  was  maintained,  most  of  the  decrease  in  bone  magnesium 
concentration  was  attributable  to  deposition  of  magnesium- 
poor  bone  rather  than  to  net  reabsorption  of  magnesium. 

The  apparently  greater  degree  of  exchange  exhibited 
by  the  young  animal  has  been  related  by  Robinson  and  Watson 
(1955)  to  the  smaller  size  of  the  mineral  crystals,  while 
Forbes  (19  59)  attributed  it  to  the  greater  water  content  of 
the  young  bone,  which  might  make  magnesium  more  accessible 
to  circulating  body  fluids. 

The  effect  of  age  on  magnesium  utilization  was  ex- 
amined recently  by  Garces  and  Evans  (1971)  with  steers 
ranging  in  age  from  10  to  88  months.   They  reported 
magnesium  absorption  and  retention  were  significantly 
correlated  with  magnesium  intake  and  magnesium  utilization 
was  similar  for  all  ages. 
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The  increased  susceptibility  to  grass  tetany  with 

age  lias  often  been   attributed  to  an  apparent  reduction  in 
the  readily  available  reserves  of  magnesium.   Field  (1967) , 
by  working  with  two  age  groups  of  sheep  which  were  2- and  7- 
years  old,  respectively,  reported  a  significantly  Lower  dry 
matter  intake  by  the  older  group.   These  results  suggest 
that  a  reduction  with  age  of  the  intake  of  magnesium  by 
gracing  animals  may  be  an  additional  factor  contributing 
to  the  higher  frequency  of  grass  tetany  in  aged  animals. 

Magnesium  Requirement  and  Availability 

Present  estimates  indicate  about  70%  of  the  total 
magnesium  of  the  body  is  present  in  the  skeleton  and  the 
normal  calcium :magnesium  ratio  in  bones  is  about  55:1.   The 
magnesium  content  of  bone,  muscle  and  nervous  tissue  is 
estimated  to  be  2  g,  190  mg  and  100  mg  magnesium/kg  fresh 
weight,  respectively  (Agricultural  Research  Council,  1965). 
The  normal  level  of  magnesium  in  the  blood  plasma  is  given 
as  1.8  mg/100  ml  and  above, with  an  upper  limit  of  3.8  mg/100 
ml  (Rook  and  S terry,  196  2)  . 

The  assessment  of  dietary  requirements  of  magnesium 
for  maintenance   is  complicated  by  the  difficulty  of  esti- 
mating the  endogenous  losses  of  magnesium  from  the  body. 
Many  researchers  have  endeavored  to  estimate  thete  losses 
by  measuring  magnesium  balance  on  varying  intakes.   Walser 
(1967)  states  that  the  basic  premises  of  such  an  approach 
are  first,  that  the  organism  will  have  the  wisdom  to  reject 
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any  magnesium  beyond  its  needs,  and  second,  that  negative 
balance  indicates  that  intake  is  less  than  the  requirement. 
However,  there  is  a  distinct  possibility  that  no  homeostatic 
mechanism  exists  in  the  organism  with  the  primary  responsi- 
bility of  regulating  magnesium  metabolism.   An  excessive 
intake  might  therefore  result  in  continued  positive  balance 
until  toxic  manifestations  ensue.   Furthermore,  the  intake 
of  magnesium  is  so  small  in  relation  to  the  amount  in  the 
body  that,  if  excretion  were  always  proportional  to  the 
body  content,  the  establishment  of  a  new  steady  state 
following  a  change  in  intake  would  require  many  months.   He 
further  states  that  negative  balance  persisting  for  many 
weeks  following  a  reduction  in  intake  cannot  be  accepted  as 
evidence  that  intake  is  too  low;  the  preceding  intake  may 
have  been  too  high. 

Magnesium  is  lost  from  the  body  by  three  main  routes— 
in  the  milk,  feces  and  urine.   A  mean  value  of  126  mg 
magnesium/kg  has  been  given 'as  representative  for  milk 
(Agricultural  Research  Council,  1965).   Rook  and  Storry 
(1962)  report  a  range  of  published  values  from  70  to  180 
mg/kg,  and  indicate  that  no  significant  fall  in  the  magnesium 
content  of  milk  occurs  when  intake  of  feed  or  of  magnesium  is 
reduced . 

Fecal  magnesium  consists  of  the  unabsorbed  portion  of 
the  intake  and  the  endogenous  magnesium  which  enters  the 
alimentary  tract  in  the  saliva  and  other  digestive  secretions, 
Simesen  et  al .  (1962)  measured  the  endogenous  excretion  of 
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magnesium  in  milk-fed  calves  and  in  cows  fed  hay  and 

2  *3 
cereals  using  intravenous  injection  of  '  Mg.   Mean  values 

of  3.5  mg  and  1.5  mg/kg  body  weight  per  day  were  found  for 
calves  and  cows,  respectively.   A  tracer  study  conducted 
by  MacDonald  and  Cars  (1959)  utilizing  a  20-month-old 
wether  resulted  in  an  estimate  of  5  mg/kg  body  weight  per 
day  for  endogenous  fecal  magnesium.   Field  (1959)  reported 
a  value  of  205  mg  per  animal  per  day  in  sheep  by  using 
tracer  techniques. 

Estimates  of  endogenous  fecal  magnesium  have  also 
resulted  from  numerous  balance  studies.   Working  with  calves 
Smith  (1959a)  reported  a  value  of  0.5  mg  and  1.2  mg/kg  body 
weight  per  day  for  calves  2-- to  5-weeks  old  and  3-months  old, 
respectively.   Other  values  reported  are  2  to  4  mg/kg  body 
weight  per  day  in  calves  (Blaxter  and  Rook,  1954)  and  3  to 
5  mg/kg  body  weight  per  day  in  cows  (Blaxter  and  McGill, 
1956) .   Working  with  6-month-old  lambs  Chicco  (1966)  cal- 
culated a  value  of  2.3  3  mg/kg  body  weight  per  day  by 
extrapolation  from  the  regression  of  fecal  magnesium  ex- 
cretion on  magnesium  intake. 

Urinary  excretion  of  magnesium  may  be  reduced  to 
minimal  levels  following  a  decrease  in  the  plasma  magnesium 
concentration.   Wilson  (1960)  suggested  that  magnesium 
behaves  as  a  threshold  substance  appearing  in  th ^  urine  only 
when  the  magnesium  load  filtered  by  the  glomeruli  exceeds 
that  reabsorbed  by  the  tubules.   Numerous  threshold  values 
for  blood  plasma  have  been  estimated.   Storr^  and  Rook  (1963) 
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reported  threshold  values  in  two  cows  of  1.5  and  1.8  mg/100 
ml  of  plasma,  respectively.   Similar  values  of  1.37  and  1.90 
mg/lOC  ml  of  plasma  were  obtained  in  two  lactating  ewes  by 
L'Estrange  and  Axford  (1964)  by  progressively  decreasing 
their  magnesium  intake  40  mg  per  day.   More  recently  Chicco 
(1966)  ,  by  conducting  balance  studies  with  lambs  receiving 
varying  levels  of  dietary  magnesium,  calculated  renal 
threshold  values  of  between  1.5  mg  and  1.6  mg/100  ml  of 
plasma. 

Much  of  the  variation  in  the  reported  values  in  the 
literature  of  endogenous  fecal  and  urinary  magnesium  is  due 
partly  to  the  inadequate  analytical  methods  in  the  past  for 
the  quantitative  determination  of  magnesium  in  biological 
materials.   However,  with  the  recent  advent  of  such  analytical 
methods  as  atomic  absorption  spectrophotometry  and  flame 
emission  spectrophotometry  large  analytical  errors  should 

now  be  rare. 

Although  the.  magnesium  requirement  of  ruminants  under 
various  production  conditions  are  still  uncertain,  there  are 
estimates  reported  in  the  literature.   Blaxter  and  McGill 
(1956)  calculated  the  requirement  of  an  adult  cow  for 
maintenance  to  be  about  1.8  gm  of  magnesium  per  day,  and  for 
production  0.5  to  0.6  gm  per  10  lb  milk  secreted.   Assuming 
an  average  availability  of  dietary  magnesium  of  33%,  this 
indicated  a  minimum  daily  requirement  of  9  to  11  gm  for  cows 
producing  20-30  lb  milk  daily. 
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Duncan,  Huffman  and  Robinson  (1S35)  estimated  30  to 
40  rug/kg  body  weight  per  day  was  necessary  to  maintain 'normal 
plasma  magnesium  concentration  of  milk-fed  calves  when  given 
various  levels  of  magnesium  salts.   A  similar  value  of  40 
mg/kg  body  weight  was  reported  for  growing  calves  receiving 
magnesium  salts  (Blaster  and  Rook,  1954) .   When  the  source  of 
dietary  magnesium  was  natural  feedingstuf f s ,  however,  an 
intake  of  12  to  15  mg/kg  body  weight  was  sufficient  (Pluffman 
et  al. ,  1941)  .   Thomas  (195  9)  reviewed  the  available 
literature  and  reported  a  range  of  from  13  to  4  6  mg  magnesium 
per  kg  body  weight  as  being  the  daily  magnesium  requirement 
of  calves  for  maintenance  of  normal  serum  or  bone  magnesium 
concentrations.   Chicco  (1966),  by  feeding  various  levels  of 
magnesium  in  the  oxide  form  to  6-month-old  lambs,  calculated 
a  minimum  daily  requirement  of  4  mg/kg  body  weight  to  replace 
the  estimated  endogenous  magnesium  losses  from  the  body.   A 
dietary  level  of  8  to  10  mg/kg  body  weight  was  required, 
however,  to  prevent  inappetance  in  yearling  sheep  (Chicco, 
1966)  . 

In  estimating  the  dietary  magnesium  requirement  of  an 
animal  consideration  must  be  given  to  the  availability  of 
the  dietary  magnesium  to  the  animal.   It  has  been  shown  that 
availability  varies  considerably  and  may  be  very  low  in  some 
types  of  feeds.   Field,  McCollum  and  Butler  (195  8)  found  the 
efficiency  with  which  two  sheep  could  utilize  the  magnesium 
present  in  an  herbage  was  13  and  26%,  respectively.   Using 
tracer  techniques,  McDonald  and  Care  (1959)  a.:d  Field  (1959) 
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found  the  availability  of  magnesium  in  hay  for  sheep  was 
26.3  and  25.8%,  respectively.   The  Agricultural  Research 
Council  (1965)  reported  estimates  of  availability  of 
dietary  magnesium  for  cattle  of  different  ages  to  be  70%  up 
to  5  weeks,  40%  from  5  weeks  to  5  months  and  20%  over  5 
months  of  age. 

The  absorptive  efficiency  of  magnesium  has  also  been 
shown  to  be  affected  by  the  magnesium  status  of  the  animal. 

McAleese,  Bell  and  Forbes  (1961)  found  control  lambs  had 

28 
apparent  absorption  values  of    Mg  as  the  chloride  of  40  to 

50%  whereas  magnesium  deficient  lambs  had  values  of  70  to  75%. 

Magnesium  deficient  lambs  were  considered  those  with  serum 

magnesium  values  of  about  1  mg/100  ml  of  serum  whereas  the 

controls  had  serum  magnesium  concentrations  of  2  to  2.5  mg/100 

ml . 

The  nutritional  relationship  between  calcium,  phosphorus 
and  magnesium  in  animals  has  been  the  object  of  numerous 
scientific  studies  with  the  'exact  role  each  of  these  ions 
plays  in  the  metabolism  of  the  other  two  ions  still  remaining 
uncertain.   Most  of  the  research  on  their  interactions  has 
been  conducted  with  laboratory  animals.   However,  there  is 
no  reason  to  suppose  that  the  absorption  of  minerals  from 
the  ruminant's  intestine  should  differ  basically  from  that 
of  the  non-ruminants.   Smith  (1969)  states  that  special 
factors  peculiar  to  ruminants  are  most  likely  to  be  found  in 
the  nature  of  their  diet  and  the  modifying  effects  of  the 
alimentary  tract  before  the  abomasum  on  that  diet. 
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Recent  work  (Clark  and  Belanger,  196  7)  with  adult 
rats  receiving  adequate  dietary  levels  of  calcium  and 
phosphorus  and  increasing  levels  of  magnesium  resulted  in 
increasing  absorption,  balance  and  retention  of  calcium, 
phosphorus  and  magnesium  with  the  increasing  magnesium  in- 
take.  Urinary  and  skeletal  content  of  calcium  and  magnesium 
also  increased  whereas  their  content  of  phosphorus  decreased. 
A  similar  study  (Clark,  1968)  with  adult  rats  resulted  in  an 
increased  absorption  of  calcium  with  increasing  levels  of 
dietary  magnesium  only  when  the  diet  was  adequate  in  calcium 
content.   Urinary  calcium  was  increased,  however,  irrespective 
of  the  dietary  level  of  calcium.   The  increasing  levels  of 
dietary  magnesium  resulted  in  increased  absorption  of  phos- 
phorus only  when  the  dietary  phosphorus  was  adequate  and  the 
calcium  to  phosphorus  ratio  low.   Urinary  phosphorus  was 
decreased  with  increasing  magnesium  intake.   Forbes  (1963)  and 
Toothill  (1963)  both  reported  decreased  absorption  and  serum 
concentration  of  magnesium  in  rats  fed  high  levels  of  calcium 
in  the  diet.   An  excessive  intake  of  phosphorus  has  been 
shown  to  depress  serum  magnesium  in  the  guinea  pig  and  rat 
(O'Dell,  Morris  and  Regan,  1960)  and  the  dog  (Bunce, 
Chiemchaisri  and  Phillips,  1962). 

The  interrelationship  of  calcium,  phosphorus  and 
magnesium  in  ruminants  has  been  examined  to  a  limited  extent. 
A  series  of  such  sLudies  was  conducted  by  Chicco  (1966)  with 
wether  lambs.   Increasing  levels  of  dietary  calcium  resulted 
in  decreased  utilization  of  dietary  magnesium  when  the 
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criteria  considered  were  fecal  excretion,  bone  and  serum 
magnesium.   Conversely,  there  was  found  to  be  decreased 
calcium  utilization  with  increasing  dietary  levels  of 
magnesium  when  the  criteria  considered  were  fecal  excretion 
and  plasma  calcium.   Bone  calcium  was  not  affected  by  dietary 
level  cf  magnesium.   An  increase  in  calcium  intake  augmented 
the  urinary  loss  of  magnesium  when  the  lowest  level  of 
dietary  magnesium  was  fed,  whereas  supplemental  magnesium 
lowered  the  urinary  excretion  of  calcium  regardless  of  the 
dietary  calcium  level.   Dietary  phosphorus  appeared  to  have 
little  effect  on  magnesium  utilization.   The  "ecal  excretion 
of  magnesium  was  slightly  increased  by  supplemental  phosphorus, 
while  bone  and  serum  magnesium  were  not  altered.   Hjerpe  (1968) 
conducted  a  balance  study  with  adult  wethers  receiving  a 
semi-purified  diet  (by  placing  in  the  rumen  via  a  ruminal 
fistula)  supplemented  with  0,  0.98  and  9.82  gm  of  magnesium 
per  animal  daily.   Wethers'  receiving  supplemental  magnesium 
excreted  significantly  more  urinary  calcium  and  significantly 
less  urinary  phosphorus  than  the  non-supplemented  controls. 
The  apparent  absorption  of  calcium  was  slightly  decreased  by 
supplemental  magnesium  whereas  apparent  absorption  of  phos- 
phorus was  significantly  reduced.   Wethers  receiving  either 
0.15  or  0.26%  dietary  magnesium  (Dutton  and  Fontenot,  1967) 
were  found  to  not  diffei  in  calcium  balance  or  serum 
magnesium  concentration .   Serum  phosphorus  levels  were  found 
to  be  less  in  the  wethers  fed  the  low  level  of  magnesi\.:m. 
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Wise,  Ordoveza  and  Barrick  (1963)  reported  a 
significant  reduction  in  serum  magnesium  of  calves  by  in- 
creasing the  dietary  phosphorus  in  the  presence  of  low 
dietary  calcium.   The  lowest  magnesium  level  occurred  at  a 
calcium  to  phosphorus  ratio  of  0.4:1  and  the  highest  with 
the  14.3:1  ratio.   Extensive  statistical  analyses  were 
conducted  by  Lomba  et  al .  (1968)  on  data  collected  from 
balance  studies  conducted  with  5  5  different  rations  fed  to 
16  2  dry  and  lactating  cows.   Magnesium  absorption  was  found 
to  be  enhanced  by  increasing  magnesium  and  calcium  intakes. 

Ilea]  effluent  samples  from  milk-fed,  stall-fed  and 
grazing  calves  had  ranges  of  34  to  7  4%  of  the  magnesium  and 
63  to  93%  of  the  calcium  existing  in  a  bound  form  as 
measured  by  it  being  non-ultraf ilterable  (Smith  and  McAllan, 
1966).   The  binding  was  due  to  at  least  two  processes;  one 
appeared  due  to  the  presence  of  binding  material  which 
appeared  to  be  characteristic  of  ruminating  calves  ir- 
respective of  diet  consumed.   This  led  the  authors  to  conclude 
that  it  may  have  been  of  microbial  origin.   The  other  binding 
process  was  believed  to  be  phosphate-dependent.   It  was  later 
shown  by  the  same  authors  (Smith  and  McAllan,  1967) ,  by 
working  with  simple  inorganic  solutions  and  in  vitro  tech- 
niques, that  precipitation  of  magnesium  with  phosphate  can 
occur  with  high  concentrations  of  phosphate  in  the  presence 
of  minimal  concentrations  of  both  calcium  and  ammonia.   This 
precipitation  was  specifically  pH~ dependent  occurring  only  at 
pH  of  6.5  and  above,  which  is  a  characteristic  pH  of  the 
distal  ileum. 
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The  effects  of  numerous  other  dietary  factors  on  the 
availability  of  magnesium  have  been  studied.   The  sudden 
increase  in  potassium  intake  which  occurs  when  ruminants 
first  graze  spring  grass  has  been  considered  as  a  possible 
contributing  factor  to  the  development  of  hypomagnesaemic 
tetany.   Suttle  and  Field  (1967)  found  that  apparent  avail- 
ability of  magnesium  to  wethers  was  markedly  reduced  when 
the  potassium  of  a  hay  and  concentrate  diet  v/as  raised  to  a 
level  found  in  pastures  where  tetany  had  occurred.   A 
similar  study  was  conducted  by  the  same  authors  (Suttle  and 
Field,  1969)  in  which  ewes  fed  a  diet  containing  0.05% 
magnesium  and  4.44%  potassium  exhibited  hypomagnesaemic 
tetany.   This  level  of  potassium  had  a  depressing  effect  on 
the  concentration  of  serum  magnesium  by  reducing  its 
apparent  absorption  and  as  well  by  possibly  exerting  a 
direct  depressing  effect  on  the  circulating  level  of 
magnesium.   High  potassium  intake  in  association  with  high 
intake  levels  of  trans -aconitic  acid,  which  has  been  found 
high  in  certain  spring  forages,  resulted  in  experimentally 
induced  grass  tetany  in  cattle  and  the  tetany  did  not  occur 
if  either  potassium  or  the  acid  were  received  separately 
(Bohman  et  al. ,  1969)  .   Lomba  et  al.  (1968)  reported  no 
significant  correlation,  however,  between  the  potassium  in- 
take, digestibility  or  utilization,  and  the  fate  of  dietary 
magnesium  in  numerous  balance  studies  conducted  with  dry  and 
lactating  cows.   These  authors  did  report  a  highly  significant 
correlation  between  fecal  magnesium  and  nitrogen  intake  with 
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constant  magnesium  intake.   Spring  pastures  are  routinely 
high  in  nitrogen  content  which  has  long  been  considered 
as  a  contributing  factor  to  the  high  incidence  of  hypo- 
magnesaemic  tetany  in  grazing  animals  during  the  spring. 
The  binding  of  magnesium  in  the  ileal  effluent  samples 
studied  by  Smith  and  McAllan  (1966)  was  increased  with 
increasing  concentrations  of  ammonia  when  the  samples  had 
pH  values  of  6.5  and  above. 


CHAPTER  III 


EFFECT  OF  LEVELS  AND  SOURCES  OF  SUPPLEMENTAL  NITROGEN 
ON  VOLUNTARY  FEED  INTAKE,  AVERAGE  DAILY  GAIN 
AND  BLOOD  UREA-N  IN  STEERS 


The  use  of  non-protein  nitrogen  in  ruminant  rations 
increases  every  year  with  urea  continuing  to  be  the  major 
source.   Even  though  feed  formulations  have  now  been  devised 
with  'which  urea  may  be  used  safely  in  relatively  high  pro- 
portions, researchers  continue  to  look  for  other  sources  of 
non-protein  nitrogen  which  may  be  less  toxic  and  more 
economical  than  urea. 

One  such  source  of  non-protein  nitrogen  which  may  be 
economically  competitive  with  urea  is  diammonium  phosphate 
(DAP) .   Interest  in  DAP  was  stimulated  by  its  property  of 
being  a  source  of  both  non-protein  nitrogen  and  supplementary 
phosphorus.   However,  problems  of  voluntary  consumption  have 
been  reported  when  DAP  is  used  (Hale  et  al . ,  1962;  Oltjen 
et  al.  ,  1963;  Scha^dt  et  al.  ,  1966;  Hillis,  1968).   Another 
dual  purpose  compound  which  has  recently  received  attention 
is  monoammonium  phosphate  (MAP) .   MAP  contains  approximately 
12%  N  and  24%  P  whereas  DAP  contains  approximately  18%  N  and 
21%  P.   The  possibility  of  .MAP  being  more  palatable  than  DAP 
has  been  suggested. 
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The  following  four  experiments  were  conducted  to 
,_)are  the  effect  of  urea,  DAP  and  two  levels  of  MAP  on 
feed  consumption  and  blood  urea-N  in  steers. 

Procedure  ^nd  Results 


Experiment  1 — Effect  of  Supplemental  Nitrogen  as  Soybean 
Meal ,  DAP",  Urea  and  DAP  Plus  Urea  on  Voluntary  Feed 
Intake  and  Average  Daily  Gain  in  Steers 


Eight  steers,  four  Herefords  and  four  Angus-Hereford 
crossbreds,  were  randomly  assigned  according  to  breed  to 
four  pens  of  two  steers  each.   Average  initial  weights  of 
the  four  outcome  groups  in  kg  were  461,  4  55,  470  and  44  0. 
The  experimental  design  was  a  4  x  4  Latin  square  balanced 
for  carry-over  effects. 

The  diets  used  in  this  study  are  shown  in  Table  1. 
All  diets  were  calculated  to  contain  the  same  level  of 
supplemental  calcium  (0.37%)  and  no  attempt  was  made  to 
equalize  supplemental  phosphorus.   The  diets  contained 
11.8%  crude  protein.   All  steers  received  the  basal  diet 
(diet  A)  for  8  days  at  the  beginning  of  each  of  the  four 
periods  to  prevent  a  carry-over  effect  of  treatment. 
Diets  were  fed  once  daily  in  amounts  to  give  about  a  10% 
weigh  back.   Experimental  diets  were  fed  for  8  days  at  the 
end  of  each  period  with  individual  steer  weights  taken  at 
the  beginning  and  end  of  the  3-day  experimental  feeding 
period . 

The  data  were  analyzed  statistically  by  analysis  of 
variance  and  significant  differences  between  means  were 


TABLE  1.   COMPOSITION  OF  DIETS 
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Di 

etsl 

'■ 

DAP 

Ingredient 

Soybean 
Meal 
(A) 

DAP 
(B) 

Urea 
(C) 

+ 
Urea 
(D) 

Snapped  corn ,  ground 

69.9 

72.75 

78.13 

77.68 

Cottonseed  hulls 

10.0 

10.0 

10.0 

10.0 

Alfalfa  meal  (17% 
protein) 

3.0 

3.0 

3.0 

3.0 

Sugarcane  molasses 

5.0 

5.0 

5.0 

5.0 

Soybean  meal  (50% 
protein) 

10.0 

-6.19 

0.27 

0.36 

2 

Salt,  trace-mineralized 

0.6 

0.6 

0.6 

0.6 

Calcium  phosphate; 
17.5%  Ca,  23%  P 

1.0 

- 

1.0 

- 

Di ammonium  phosphate 

- 

1.5 

- 

1.5 

Urea  281 

- 

- 

1.5 

0.9 

Ground  limestone 

0.5 

0.96 

0.5 

0.96 

3 

Vitamins  A  &  D 

+ 

+ 

+ 

+ 

100.00 

100.00 

100.00 

100.00 

1. 


Diet  A  provided  all  supplemental  protein  as  soybean  meal; 
diet  B  provided  0.269%  non-protein  nitrogen  (NPN)  as  DAP; 
diet  C  provided  0.674%  NPN  as  urea;  diet  D  provided  0.269% 
NPN  as  DAP  and  0.405%  NPN  as  urea  (0.674%  total  NPN). 


2T  . 


Listed  minimum  analysis  in  percent:   Fe ,  0.30;  Mn,  0.20; 
Cu,  0.08;  Co,  0.01;  Zn,  1.00;  I,  0.01;  and  NaCl,  95.0. 


3. 


•/itamins  added  per  kg  of  diet:   2,200  IU  vitamin  A 
palmitate  and  440  IU  vitamin  D- . 
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determined  using  Duncan's  New  Multiple  Range  Test  (Steel 
and  Torrie,  1960) . 

The  average  daily  feed  consumption  and  average  daily 
gain  of  steers  on  the  four  treatments  are  shown  according 
to  treatment  in  Table  2.   The  individual  data  are  presented 
in  Appendix  Table  26.   Diet  C  (1.5%  urea)  was  similar  to 
diet  A  (soybean  meal)  in  acceptability  as  measured  by 
average  daily  feed  intake  (13.97  and  14.38  kg,  respectively). 
The  consumption  of  both  diets,  however,  was  significantly 
greater  (P  <.05)  than  the  average  daily  feed  intakes  of 
12.02  and  12.52  kg  for  diets  B  (1.5%  DAP)  and  D  (1.5%  DAP 
plus  0.9%  urea),  respectively.   There  were  no  significant 
differences  in  average  daily  gain  among  treatments.   The 
large  variability  that  was  observed  within  treatments  in 
average  daily  gain  makes  the  usefulness  of  this  measurement 
questionable,  in  such  short-term  feeding  periods. 


Experiment  2 — Effect  of  Supplemental  Nitrogen  as  Soybean 
Meal,  DAP  and  Two  Levels  of  MAP  on  Voluntary  Feed  Intake , 
Average  Daily  Gain  and  Blood  Urea-N  in  Steers 


Eight  steers  of  British  breeding  were  randomly 
assigned  to  four  pens  of  two  steers  each.   The  experimental 
design  was  a  4  x  4  Latin  square  balanced  for  carry-over 
effects.   Two  steers  ware  removed  from  the  experiment  during 
the  preliminary  period  due  to  digestive  complications  which 
resulted  in  two  pens  having  only  one  steer  each.   The 
average  initial  weight  cf  the  six  steers  used  was  312  kg. 
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TABLE  2.   EFFECT  OF  SOURCE  OF  NITROGEN  ON  FEED 
CONSUMPTION  AND  AVERAGE  WEIGHT  GAIN 


Treatment 

. 

Item 

Soybean 
Meal 
(A) 

DAP 
(B) 

Urea 
(C) 

DAP 

+ 
Urea 
(D) 

Daily  feed  intake, 
Daily  gain,  kg 

kg 

14.383 
0.96 

12.02b 
0.96 

13.97a 
0.  16 

12.52b 
0.34 

a  b 
'  Means  in  the  same  line  bearing  different  superscript  are 

significantly  (P <  .05)  different. 


The  diets  used  in  this  study  are  shown  in  Table  3. 
All  diets  were  calculated  to  contain  0.56%  supplemental 
calcium  and  phosphorus.   The  diets  contained  11.8%  crude 
protein.   All  steers  received  the  basal  diet  (diet  A)  for 
8  days  at  the  beginning  of  each  of  the  four  periods  to 
prevent  a  carry-over  effect  of  treatment.   The  experimental 
diets  were  fed  for  8  days  at  the  end  of  each  period.   The 
diets  were  fed  once  daily  in  amounts  to  give  about  a  10% 
weigh  back  with  individual  steer  weights  taken  at  the 
beginning  and  end  of  the  8-day  experimental  feeding  periods. 
At  the  conclusion  of  each  period  the  steers  were  fasted  for 
12  hours  and  then  allowed  to  consume  ad  libitum  their  re- 
spective treatment  diets  for  a  period  of  2  hours .   Blood 
samples  were  taken  by  jugular  puncture  before  feeding  and 
again  at  the  end  of  the  2-hour  period  for  determination  of 
blood  urea-N.   The  amount  of  feed  consumed  by  each  steer 
during  this  2-hour  period  was  also  recorded. 

Blood  urea-N  was  determined  by  the  method  of  Ormsby 
(1942)  with  refinements  suggested  by  Richter  and  Lapoinie 
(1962) .   The  data  were  analyzed  statistically  by  analysis 
of  variance  and  significant  differences  between  means  were 
determined  using  Duncan's  New  Multiple  Range  Test  (Steel 
and  Torrie,  1960) . 

The  average  daily  feed  consumption  and  average  daily 
gain  of  steers  on  the  four  treatments  as  well  as  the  blood 
urea-N  data  are  summarized  in  Table  4.   The  individual  data 
are  presented  in  Appendix  Table  27. 
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TABLE  3.   COMPOSITION  OF  DIETS 


Diets1 


Ingredient 

Soybean 
Meal 
(A) 

1.50% 
DAP 
(B) 

0.75% 

MAP 

(C) 

2.30% 

MAP 

(D) 

Snapped  corn,  ground 

67.34 

71.04 

68.59 

71.21 

Cottonseed  hulls 

10.00 

10.00 

10.00 

10.00 

Alfalfa  meal  (17% 
protein) 

3.00 

3.00 

3.00 

3.00 

Sugarcane  molasses 

5.00 

5.00 

5.00 

5.00 

Soybean  meal  (5  0% 
protein) 

10.39 

6.45 

9.10 

6.43 

2 

Salt,  trace-mineralized  . 

0.60 

0.60 

0.60 

0.60 

Mono sodium  phosphate 

2.21 

0.95 

1.50 

- 

Monoammonium  phosphate 

- 

- 

0.75 

2.30 

Diammonium  phosphate 

- 

1.50 

- 

- 

Ground  limestone 

1.46 

1.46 

1.46 

1.46 

3 

Vitamins  A  &  D 

+ 

+ 

+ 

+ 

100.00 

100.00 

100.00 

100.00 

Diet  A  provided  all  supplemental  protein  as  soybean  meal; 
diet  B  provided  0.269%  non-protein  nitrogen  (NPN)  as 
diammonium  phosphate  (DAP);  diet  C  provided  0.088%  NPN  as 
monoammonium  phosphate  (MAP);  diet  D  provided  0.269%  NPN 
as  MAP. 

2  .       .  . 

Listed  minimum  analysis  in  percent:   Mn,  0.23;  I,  0.007; 

Fe,  0.425;  Cu,  0.03;  Co,  0.01;  S,  0.05;  Zn,  0.008;  and 
NaCl,  97.5. 

3 

Vitamins  added  per  kg  o.f  diet:   2,200  10  vitamin  A 

palmitate  and  440  IU  vitamin  D~. 
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TABLE  4.   EFFECT  OF  SOURCE  OF  NITROGEN  ON  FEED 
CONSUMPTION,  AVERAGE  WEIGHT  GAIN  AND 
BLOOE  UREA-N  (BUN) 


Treatment 


Soybean      1.50%  0.75%  2.30% 

Meal        DAP      MAP  MAP 

Item (A) (B) (CJ (D) 

Daily  feed  intake,  kg      14.49a  13.99ab  13.55b  12.44° 

Daily  gain,  kg             1.79a      2.98b     1.69a  1.33a 

Feed  intake,  2  hours  (kg)   4.02       3.65      4.06  3.96 

Initial  BUNd              17.00  14.9  3  15.4  6  15.96 

BUN  change,  2  hoursd        0.36a      0.77ab    2.32c  1.17b 

BUN  change/kg  feed 

consumedd                0 . 12a      0.20a     0.58b  0.29a 


'    '    Means  on  the  same  lines  bearing  different  superscript 
are  significantly  (P <  .05)  different. 

BUN  concentration  expressed  as  mg  per  100  ml  of  whole 
blood. 


36 

Diat  3  (1.5%  DAP)  was  similar  to  diet  A  (soybean  meal) 
in  acceptability  as  me     ed  by  average  daily  feed  intake 
(13.99  and  14.49  kg,  respectively).   The  average  daily  feed 
intake  of  13.55  kg  for  diet  C  (0.75%  MAP)  was  significantly 
less  (P  <.05)  than  diet  A.   Diet  D,  which  contained  2.3% 
MAP,  resulted  in  an  average  daily  feed  intake  of  12.44  kg 
which  was  significantly  less  (P <  .05)  than  all  other  treat- 
ment diets.   Average  daily  gain  during  the  3-day  experimental 
periods  was  significantly  greater  (P  <  .05)  for  treatment 
B  (1.50%  DAP).   Here  again  the  large  variability  that  was 
observed  within  treatments  makes  the  usefulness  of  average 
daily  gain  questionable  in  such  short-term  feeding  periods. 

The  12-hour  fast  at  the  end  of  each  period  followed 
by  ad  libitum  consumption  for  2  hours  of  their  respective 
treatment  diets  resulted  in  similar  feed  intakes.   The  blood 
urea-N  concentrations  just  prior  to  the  2-hour  feeding 
period  were  likewise  similar.   The  resulting  changes  in 
blood  urea-N  concentrations  following  the  2 -hour  period 
were  similar  for  diets  A  (soybean  meal)  and  B  (1.5%  DAP). 
The  change  resulting  with  diet  D  (2.3%  MAP),  however,  was 
significantly  greater  (P <  .05)  than  diet  A  and  the  change 
with  diet  C  (0.75%  MAP)  was  significantly  greater  (P<  .05) 
than  with  all  other  treatment  diets.   When  the  change  in 
blood  urea-N  concentration  was  expressed  per  kg  of  feed 
consumed  during  the  2-hour  period  treatment  C  was  signifi- 
cantly greater  (P  <  .05)  than  all  other  treatments. 
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Experiment  3— Effect  of  Supplemental  __Ni_trogen_  as  Soybean 
Meal,  DAP  and  Two  Levels  of  MAP  on  Voluntary  Feed  Intake , 
Average  Daily  Gain  and  Blood  Urea-N  in  Steers 


For  the  present  experiment  a  4  x  4  Latin  square 
design  was  again  utilized.   Four  Hereford  steers,  having  an 
initial  average  weight  of  336  kg,  were  fed  the  diets  shown 
in  Table  5.   The  diets  used  in  this  experiment  were  to  be 
replicates  of  those  used  in  Experiment  2.   However,  it  was 
not  possible  to  obtain  ground  snapped  corn  at  the  time  of 
this  experiment  and  corn  meal  along  with  an  increased  level 
of  cottonseed  hulls  were  substituted  in  its  place.   All 
other  ingredients  were  the  same.   This  experiment  was  con- 
ducted and  analyzed  the  same  as  described  for  Experiment  2. 

The  average  daily  feed  consumption  and  average  daily 
gain  of  steers  on  the  four  treatments  as  well  as  the  blood 
urea-N  data  are  summarized  in  Table  6.   The  individual  data 
are  presented  in  Appendix  Table  28.   Treatment  A  (soybean 
meal),  C  (0.75%  MAP)  and  D  (2.3%  MAP)  did  not  differ  in 
acceptability  as  measured  by  average  daily  feed  intake. 
Treatment  B,  which  contained  1.5%  diammonium  phosphate,  was 
consumed  significantly  less  (P  <.05)  than  any  other  treat- 
ment.  There  were  no  significant  differences  in  average 
daily  gain  among  treatments.   The  12-hour  fast  of  the  steers 
at  the  end  of  each  period  followed  by  ad  libitum  consumption 
for  2  hours  of  their  respective  treatment  diets  resulted  in 
no  differences  in  feed  intake  between  treatments  A,  C  and  D. 
Treatment  b,  which  contained  1.5%  di ammonium  phosphate,  was 
consumed  significantly  less  (P  <  .05)  than  treatments  C  and  D 
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TABLE  5.   COMPOSITION  OF  DIETS 


— ...   

Diets1 

Ingredient 

Soybean 
Meal 
(A) 

1.50% 
DAP 
(B) 

0.75% 

MAP 

(C) 

2.30% 

MAP 

(D) 

Corn  meal 

51.81 

55.57 

53.09 

55.76 

Cottonseed  hulls 

25.00 

25.00 

25.00 

25.00 

Alfalfa  meal  (17% 
protein) 

3.00 

3.00 

3.00 

3.00 

Sugarcane  molasses 

5.00 

5.00 

5.00 

5.00 

Soybean  meal  (50% 
protein) 

10.92 

6.92 

9.60 

6.88 

2 

Salt,  trace-mineralized 

0.60 

0.60 

0.60 

0.60 

Monosodium  phosphate 

2.21 

0.95 

1.50 

- 

Monoammonium  phosphate 

- 

- 

0.75 

2.30 

Di ammonium  phosphate 

- 

1.50 

- 

- 

Calcium  carbonate 

1.46 

1.46 

1.46 

1.46 

3 

Vitamins  A  &  D 

4- 

+ 

+ 

+ 

100.00 

100.00 

100.00 

100.00 

Diet  A  provided  all  supplemental  protein  as  soybean  meal; 
diet  B  provided  0.269%  non-protein  nitrogen  (NPN)  as 
diammonium  phosphate  (DAP);  diet  C  provided  0.088%  NPN  as 
monoammonium  phosphate  (MAP);  diet  D  provided  0.269%  NPN 
as  MAP. 

2 

Listed  minimum  analysis  in  percent:   Mn ,  0.23;  I,  0.007; 

Fe,  0.425;  Cu,  0.03;  Co,  0.01;  S,  0.05;  Zn,  0.008;  and 
NaCl,  97.5 

3 
Vitamins  added  per  kg  of  diet:   2,200  IU  vitamin  A 

palmitate  and  440  IU  vitamin  D„ . 


39 


TABLE  6.   EFFECT  OF  SOURCE  OF  NITROGEN  ON  FEED 
CONSUMPTION,  AVERAGE  WEIGHT  GAIN  AND 
BLOOD  UREA-N  (BUN) 


Treatment 

Item 

Soybean 

Meal 
(A) 

1.50% 
DAP 
(B) 

0.75% 

MAP 

(C) 

2.30% 

MAP 

(D> 

Daily  feed  intake,  kg 

8.43a 

7.01b 

8.71a 

8.39a 

Daily  gain,  kg 

1.36 

0.57 

0.37 

0.37 

Feed  intake,  2  hours 

2.96ab 

2.20b 

3.53a 

3.47a 

Initial  BUNC 

13.31 

11.56 

12.81 

12.2.1 

BUN  change,  2  hours 

0.09ab 

1.25a 

-0.06b 

1.25a 

BUN  change/kg  feed 
consumed0 

0.14a 

0.61b 

o.ooa 

0.35ab 

a  b 
'  Means  on  the  same  lines  bearing  different  superscript  are 

significantly  (P  <.05)  different. 

BUN  concentration  expressed  as  mg  per  100  ml  of  whole 
blood. 
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during  this  2-hour  period.   The  blood  urea-N  concentration 
prior  to  the  2-hour  feeding  period  was  similar  for  all 
treatments  and  the  resulting  change  in  blood  urea-N  con- 
centration was  found  to  be  similar  for  treatments  A,  B  and 
D.   Treatment  C,  which  contained  0.75%  MAP,  actually  showed 
an  average  decrease  in  BUN  concentration,  and  this  was 
significantly  less  (P  <.05)  than  treatments  B  and  D.   When 
the  change  in  BUN  concentration  was  expressed  per  kg  of 
feed  consumed  during  the  2 -hour  period  treatments  A,  C  and 
D  were  similar.   Treatment  B,  which  contained  1.5%  DAP, 
resulted  in  a  significantly  greater  change  (P  <.05)  than 
treatments  A  and  C,  which  contained  supplemental  soybean 
meal  and  the  lowest  level  of  MAP ,  respectively. 


Experiment  4 --Effect  of  Supplemental  Nitrogen  as  Soybean 
Me al,  DAP  and  Two  Levels  o f"~HAP  on  Voluntary  Feed  Intake , 
Average  Daily  Gain  and  Blood  Urea-N  in  Steers 


The  four  Hereford  steers  used  in  Experiment  3  were 
again  utilized  in  the  present  experiment.   Following  the 
previous  experiment  the  steers  were  fed  a  corn-soybean  meal 
based  diet  for  a  period  of  9  weeks  and  had  an  average  weight 
of  436  kg  at  the  beginning  of  this  experiment.   The  experi- 
mental design  was  again  a  4  x  4  Latin  square  with  the  steers 
receiving  the  diets  shown  in  Table  7.   Diets  used  in  this 
experiment  were  mixed  weekly  whereas  diets  for  the  previous 
experiments  were  mixed  at  the  beginning  of  each  experiment 
in  adequate  quantities  for  the  entire  experimental  period. 
The  frequent  mixing  more  closely  approximates  actual  feedlot 
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TABLE  7.   COMPOSITION  OF  DIETS 


Diets1 



Soybean 

1.50% 

0.75% 

2.30% 

Meal 

DAP 

MAP 

MAP 

Ingredient 

(A) 

(B) 

(C) 

(D) 

Corn  meal 

54.36 

58.12 

55.63 

58.29 

Cottonseed  hulls 

25.00 

25.00 

25.00 

25.00 

Alfalfa  meal  (17% 

protein) 

3.00 

3.00 

3.00 

3.00 

Corn  oil 

2.00 

2.00 

2.00 

2.00 

Soybean  meal  (5  0% 

protein) 

11.37 

7.37 

10.06 

7.35 

Salt,  trace-mineralized^ 

0.60 

0.60 

0.60 

0.60 

Monosodium  phosphate 

2.21 

0.95 

1.50 

- 

Monoammonium  phosphate 

- 

- 

0.75 

2.30 

Diammonium  phosphate 

- 

1.50 

- 

- 

Calcium  carbonate 

1.46 

1.46 

1.4  6 

1.46 

3 

Vitamins  A  &  D 

+ 

+ 

+ 

+ 

100.00 

100. oc 

100.00 

100.00 

"Diet  A  provided  all  supplemental  protein  as  soybean  meal; 
diet  B  provided  0.269%  non-protein  nitrogen  (NPN)  as 
diammonium  phosphate  (DAP);  diet  C  provided  0.088%  NPN  as 
monoammonium  phosphate  (MAP);  diet  D  provided  0.269%  NPN 

as  MAP. 

2  . 

Listed  minimum  analysis  in  percent:   Mn,  0.23;  I,  0.007; 

Fe,  0.425;  Cu,  0.03;  Co,  0.01;  S,  0.05;  Zn,  0.008;  and 
NaCl,  97.5. 

3  . 

Vitamins  added  per  kg  of  diet:   2,200  IU  vitamin  A 

palmitate  and  4  4  0  IU  vitamin  D„ . 
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conditions  where  fresh  feed  is  often  mixed  daily.   Corn  oil 
at  a  level  of  2%   of  the  diets  was  substituted  for  the  5% 
molasses  previously  used  due  to  the  convenience  of  corn  oil 
under  the  mixing  conditions  available.   All  other  ingredients 
were  the  same.   This  experiment  was  conducted  and  analyzed 
the  same  as  described  for  Experiment  2. 

The  average  daily  feed  consumption  and  average  daily 
gain  of  steers  on  the  four  treatments  as  well  as  the  blood 
urea-N  data  are  summarized  in  Table  8.   The  individual  data 
are  presented  in  Appendix  Table  29.   There  were  no  signifi- 
cant differences  in  average  daily  feed  intake  among  treat- 
ments.  Treatments  C  and  D  (0.75  and  2.3%  MAP,  respectively) 
resulted  in  significantly  less  (P  <.G5)  average  daily  gain 
than  treatment  A  (soybean  meal) .   The  12 -hour  fast  at  the 
end  of  each  period  followed  by  ad  libitum  consumption  for 
2  hours  of  their  respective  treatment  diets  resulted  in 
similar  feed  intakes  for  all  diets.   The  blood  urea-N 
concentrations  prior  to  the  '2-hour  feeding  period  were 
similar  for  all  treatments  and  the  resulting  changes  follow- 
ing this  2 -hour  period  were  found  to  be  similar  for  treat- 
ments A  and  C.   The  change  with  treatment  diet  D  was 
significantly  greater  (P  <.05)  than  with  diets  A  and  C  and 
treatment  B  resulted  in  a  change  significantly  greater 
(P  <.05)  than  treatment  A.  .  When  the  change  in  blood  urea-N 
concentrations  were  expressed  per  kg  of  feed  consumed  during 
the  2-hour  period  treatments  A  and  C  were  significantly 
less  (P  <.05)  than  treatments  B  and  D. 
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TABLE  8.   EFFECT  OF  SOURCE  OF  NITROGEN  ON  FEED 
CONSUMPTION,  AVERAGE  WEIGHT  GAIN  AND 
BLOOD  UREA-N  (BUN) 


Treatment 

Item 

Soybean 

Meal 

(A) 

1.50% 

DAP 

(B) 

0.75% 

MAP 

(C) 

2.30% 

MAP 

(D) 

Daily  feed  intake,  kg 

3.66 

8.93 

9.23 

8.46 

Daily  gain,  kg 

1.60a 

0.77ab 

0.33b 

-0.06b 

Feed  intake,  2  hours 

2.44 

1.76 

2.56 

2.56 

Initial  BUNC 

14.28 

13.51 

15.63 

13.54 

BUN  change,  2  hours 

0.31a 

1.05bc 

0.46ab 

1.34° 

BUN  change/kg  feed 
consumed0 

0.15a 

0.60b 

0.11a 

0.58b 

a  b 

'  Means  on  the  same  lines  bearing  different  superscript  are 

significantly  (P  <.05)  different. 

q 

BUN  concentration  expressed  as  mg  per  100  ml  of  whole 
blood. 
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Discussion 

Diammonium  phosphate  supplementation  has  been  re- 
ported to  decrease  diet  acceptability  (Hale  et  al. ,  1962; 
Oltjen  et  al. ,  1963;  Schaadt  et  al . ,  1966;  Hillis,  1968). 
In  Experiments  1  and  3  of  this  series  of  studies,  diets 
containing  1.5%  diammonium  phosphate  (DAP)  were  consumed 
significantly  less  (P<.05)  than  diets  supplemented  with 
soybean  meal,  urea,  or  mono ammonium  phosphate  (MAP).   This 
level  of  DAP,  however,  did  not  significantly  reduce  feed 
consumption  in  Experiments  2  and  4. 

Levels  of  0.75  and  2.3%  MAP  in  Experiments  2,  3  and 
4  did  not  affect  feed  consumption  except  in  Experiment  2 
when  the  diet  containing  2.3%  MAP  was  consumed  signifi- 
cantly less  (P  <  .05)  than  the  soybean  meal  and  DAP 
supplemented  diets.   Reaves  et  al.  (1966)  found  no 
appreciable  differences  in  voluntary  feed  consumption  by 
nonlactating  dairy  cows  when  fed  rations  supplemented  with 
a  combination  of  MAP,  DAP  and  urea  or  DAP  alone. 

Although  average  daily  gain  was  highly  variable 
within  treatments  and  the  value  of  gains  recorded  on  such 
short-term  periods  is  questionable,  it  was  found  that  the 
inclusion  of  MAP  into  the  experimental  diets  consistently 
resulted  in  a  decreased  average  daily  gain. 

The  amount  of  feed  consumed  in  a  2-hour  period 
following  a  12-hour  fast  was  consistently  greater  for  diets 
containing  MAP  compared  to  those  containing  1.5%  DAP.   The 
resulting  change  in  blood  urea-N  was  consistently  greater 
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for  the  treatments  containing  isonitrogenous  levels  of  non- 
protein nitrogen  (1.5%  DAP  and  2.3%  MAP)  except  in  Experi- 
ment 2  where  the  0.75%  MAP  treatment  resulted  in  the 
greatest  change  in  BUN.   The  same  trends  existed  when  the 
blood  urea-N  changes  were  expressed  per  kg  of  feed 
consumed. 

A  possible  contributing  factor  to  the  variable 
results  between  experiments  is  the  time  of  year  in  which 
each  experiment  was  conducted.   Experiments  1,  2,  3  and  4 
were  conducted  during  the  winter,  spring,  summer  and  fall, 
respectively.   Mean  rainfall  (mm)  and  mean  temperature  (C°) 
for  the  area  during  the  experimental  periods  were:   (1)  82, 
14;  (2)  67,  25;  (3)  156,  28;  (4)  35,-15  (Climatological 
Data  National  Summary,  1969-1971) .   It  is  possible  that  the 
large  variations  in  rainfall  and  temperatures  between 
experimental  periods  may  have  affected  the  animal  perform- 
ances and  the  relative  outcomes  of  the  separate  experiments, 


CHAPTER  IV 


NITROGEN  SOURCE  AND  RUMEN  AMMONIA, 
pH  AND  BLOOD  UREA-N 


A  major  problem  resulting  in  inefficient  utilization 
of  non-protein  nitrogen  sources  by  ruminants  is  the  rapid 
release  of  ammonia.   It  has  been  well  established  that  a 
limiting  factor  in  the  utilization  of  urea  is  its  rapid 
hydrolysis  in  the  rumen.   A  reduction  in  the  rate  of 
absorption  of  the  released  ammonia  would  contribute  to 
the  efficiency  of  its  utilization  by  the  rumen  microbes. 
Phosphate  is  thought  to  buffer  rumen  pH  during  urea 
hydrolysis  and  therefore  minimize  ammonia  absorption 
and  ammonia  wastage. 

The  following  two  experiments  were  conducted  to 
compare  the  relative  rates  of  release  and  absorption  of 
ammonia  of  natural  and  non-protein  nitrogen  sources  in 
fistulated  wethers. 

Procedure  and  Results 


Experiment  1-- Effect  of  Nitrogen  Source  on  Rumen  Ammonia, 
pH  and  Blood  Urea-N 


Four  fistulated  mature  wethers  ranging  in  weight 
from  51.2  bo  57.6  kg  were  utilized  in  a  4  x  4  Latin  square 
designed  experiment  balanced  for  carry-over  effects.   The 
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sheep  were  housed  in  metal  metabolism  cages  and  fed  the  hay- 
corn  based  diet  shown  in  Table  9.   One  kg  of  this  diet  was 
fed  once  daily  and  water  was  supplied  ad  libitum. 

The  treatments  used  in  this  study  consisted  of  each 
animal  receiving  intraruminally  10  gm  of  nitrogen  per  45.4 
kg  body  weight  from  either  soybean  meal,  urea,  diammonium 
phosphate  (DAP)  or  monoammonium  phosphate  (MAP) .   An  interval 
of  6  days  between  each  of  the  four  treatment  periods  was 
allowed  for  the  sheep  to  readjust.   On  treatment  mornings, 
the  nitrogen  sources  were  given  in  dry  form  via  the  fistula 
approximately  2  hours  following  consumption  of  their  corn- 
hay  diet.   Rumen  fluid  and  jugular  blood  samples  were  taken 
immediately  before  dosing  and  at  periodic  intervals  there- 
after for  determination  of  rumen  pH,  rumen  ammonia  and 
blood  urea.   The  pH  of  rumen  fluid  was  determined  using  a 
Sargent  Model  DR  pH  meter  within  1  minute  after  sampling. 
Rumen  ammonia-N  was  determined  by  the  phenol  nitroprus side- 
alkaline  hypochlorite  method  of  Kaplan  et  al.  (1965) . 
Blood  urea-N  was  determined  by  the  method  of  Ormsby  (1942) 
with  refinements  suggested  by  Richter  and  Lapoinie  (196  2) . 
The  data  were  analyzed  statistically  by  analysis  of  variance 
and  significant  differences  between  means  were  determined 
using  Duncan's  New  Multiple  Range  Test  (Steel  and  Torrie, 
1960)  . 

The  effect  of  the  four  treatments  on  rumen  pH  is 
presented  in  Table  10  and  is  presented  graphically  in 
Figure  1.   The  individual  data  are  presented  in  Appendix 
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TABLE  9.   COMPOSITION  OF  DIET 


Ingredient 


Berraudagrass  hay,  ground  70. 4 

Corn  meal  25  .  0 

Corn  oil  3.0 

Def luorinated  phosphate  1.0 

2 

Salt,  trace-mineralized  0.6 

3 

Vitamins  A  and  D  + 


100.0 


Stabilized  with  ethoxyquin. 

2 

Listed  minimum  analysis  in  percent:   Zn,  1.00;  Fe ,  0.30; 

Mn,  0.20;  S,  0.10;  Cu ,  0.08;  Co,  0.01;  and  MaCl,  95.00. 

2,200  IU  vitamin  A  palmitate  and  440  IU  vitamin  D~  added 
per  kg  of  diet. 
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TABLE  10.   EFFECT  OF  A  SINGLE  DOSE  OF  SOYBEAN  MEAL, 

UREA,  DIAMMONIUM  PHOSPHATE  OR  MONOAMMONIUM 

PHOSPHATE  ON  RUMEN  pHa 


Hours 

Soybean 

After  Dosing 

Meal 

Urea 

DAP 

MAP 

0 

6.82 

6.73 

6.70 

6.77 

0.5 

6.68b 

7.20C 

6.94d 

6.43e 

1 

6.66b 

7.48C 

6.90d 

6.45e 

2 

6.56bd 

7.34C 

6.79d 

6.42b 

3 

6.52b 

7.22° 

6.64b 

6.41b 

4 

6.50b 

7.13C 

6.62b 

6.36b 

6 

.   6.42b 

6.98° 

6.51b 

6.12b 

9 

6.39bc 

6.71C 

6.34bc 

6.19b 

12 

6.48bc 

6.54C 

6.18bd 

6.13d 

24 

6.85b 

6.74b 

6.40° 

6.34C 

All  values  are  means  of  four  periods  per  treatment. 

b  c  d  g 
'  '  '  Means  on  the  same  line  bearing  different  superscripts 

are  significantly  (P  <.05)  different. 
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Table  30.   No  significant  differences  between  treatments 
in  predosing  ruminal  pH  were  observed.   The  rumen  pH  for 
the  urea  treatment  rose  sharply  during  the  first  hour  to  a 
value  of  7.48  and  then  gradually  declined  until  the  twelfth 
hour  to  a  value  slightly  lower  than  the  predosing  value. 
The  DAP  treatment  resulted  in  an  initial  increase  in  pH  with 
a  maximum  value  of  6.94  observed  at  one-half  hour  postdosing 
followed  by  a  gradual  decline  to  6.18  at  hour  twelve.   The 
MAP  treatment  resulted  in  a  sharp  decrease  in  pH  during  the 
initial  30  minutes  followed  by  a  gradual  decline  to  a  low 
of  6.12  at  6  hours  postdosing.   The  DAP  treatment  remained 
intermediate  to  the  other  two  non-protein  nitrogen  treat- 
ments throughout  the  24-hour  experimental  period.   The  pH 
in  the  rumen  of  sheep  receiving  soybean  meal  fell  slightly 
as  the  day  progressed. 

Statistical  analysis  of  the  rumen  pH  values  at  the 
individual  hours  revealed  a  significant  (P<.05)  difference 
between  all  treatments  at  one-half  and  one  hour  postdosing. 
This  difference  continued  between  the  non-protein  nitrogen 
treatments  through  hour  two.   The  urea  treatment  had 
significantly  (P  <.05)  higher  values  of  rumen  pH  than  the 
DAP  and  MAP  treatments  for  all  hours  observed  except  the 
twelfth. 

The  effect  of  treatment  on  rumen  ammonia-N  is  pre- 
sented in  Table  11  and  Figure  2.   The  individual  data  are 
presented  in  Appendix  Table  3.1.   No  significant  differences 
existed  between  treatments  in  predosing  rumen  ammonia-N 
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TABLE  11.   EFFECT  OF  A  SINGLE  DOSE  OF  SOYBEAN  MEAL, 
UREA,  D I AMMONIUM  PHOSPHATE  OR  MONOAMMONIUM 
PHOSPHATE  ON  RUMEN  AKMONIA-Na 


Mg/100  MT 


Hours  Soybean 

After  Dosing Meal Urea  DAP MAP 

0  15.5  12.8  15.0  16.0 
0.5  18. 6b  77.5bc  95.9bc  148. 4C 

1  24. 2b  87.3bc  88.5bc  118.0° 

2  26. 8b  80. 2C  93. 7G  107. 7G 

3  29. 7b  74. 2°  88.5°  93. 5C 

4  34. 0b  68. 2C  85.0°  93. 3C 
6  29. 9b  71. 9C  89.9°  78.1° 
9  23. 7b  55.4°  64.7°  64. 8C 

12  22. 7b  35.7°  55. ld  56. 8d 

24  20. 4b  16. 6b  39. 8C  42. 4C 


All  values  are  means  of  four  periods  per  treatment. 

'  '  Means  on  the  same  line  bearing  different  superscripts 
are  significantly  (P  <.05)  different. 
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concentrations.   The  highest  concentration  of  ammonia-N 
(148.4  itig/100  ml)  was  observed  with  the  MAP  treatment  at 
one-half  hour  postdosing.   The  BAP  treatment  had  a  peak 
concentration  of  95.9  mg/ml  also  at  one-half  hour  post- 
dosing  but  changed  very  little  in  concentration  through 
hour  six.   The  urea  treatment  had  a  peak  concentration 
of  87.3  mg/ml  at  one  hour  and  exhibited  a  gradual  decline 
for  the  remainder  of  the  experimental  period.   As 
could  be  expected,  the  least  change  in  rumen  ammonia-N 
concentration  occurred  with  the  soybean  meal  treatment. 

Statistical  analysis  of  the  ammonia-N  values  at  the 
individual  hours  revealed  no  differences  between  the  MAP 
and  DAP  treatments  and  they  differed  significantly  (P  <  .05) 
from  the  urea  treatment  only  at  hours  twelve  and  twenty- 
four  . 

The  effect  of  treatment  on  blood  urea-N  is  presented 
in  Table  12  and  Figure  3.   The  individual  data  are  presented 
in  Appendix  Table  32.   No  significant  difference  existed 
between  treatments  in  predosing  blood  urea-N  concentrations. 
The  urea  treatment  resulted  in  the  greatest  increase  in 
blood  urea-N  with  all  non-protein  nitrogen  treatments 
reaching  a  peak  concentration  at  nine  hours  postdosing. 
The  DAP  treatment  had  a  consistently  greater  concentration 
of  blood  urea-N  than  the  MAP  treatment  from  the  third  hour 
through  the  remainder  of  the  sampling  period.   However, 
these  treatments  were  not  found  to  be  significantly 
different.   The  urea  treatment  had  a  significantly  (P  <.05) 
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TABLE  12.   EFFECT  OF  A  SINGLE  DOSE  OF  SOYBEAN  MEAL, 

UREA,  DIAMMONIUM  PHOSPHATE  OR  MONOAMMONIUM 

PHOSPHATE  ON  BLOOD  UREA~Na 


Mg/100  Ml 


Hours  Soybean 

After  Dosing Meal Urea     DAP MAP 

0  16.5  15.0  14.4  15.0 

1  17. 6b  20.5°  17. 3b  17. 5b 

2  .  18. 0b  22.3°  19. 8b  20.4bc 

3  19. 5b  24. 8d  22.5cd  21.9bc 

4  20. 0b  26. 8d  23. 1°  23. 3C 
6  22. 0b  31. 5d  27. 3C  25.0° 
9  23. 0b  34. 8d  30.3°  27.0C 

12  23. lb  33.0°  27. 4b  26. 3b 

24  27.3  26.8  25.9  26.0 


All  values  are  means  of  four  periods  per  treatment. 

bed 
'  '  Means  on  the  same  line  'bearing  different  superscripts 

are  significantly  (P  <.05)  different. 
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greater  concentration  of  blood  urea-N  than  either  MAP  or 
DAP  for  hours  four -through  twelve.   None  of  the  treatments 
differed  significantly  at  hour  twenty-four  of  the  sampling 
period . 


Experiment  2 — Effect  of  Nitrogen  Source  and  Supplemental 
Acid  or  Base  on  Run en  Ammonia,  pH  and  Blood  Urea-N 


The  four  fistulated  wethers  used  in  Experiment  1 
were  utilized  again  in  the  present  Latin  square  experiment. 
A  period  of  six  months  was  allowed  between  experiments. 
The  conditions  and  basal  diet  for  this  experiment  were  the 
same  as  those  described  for  Experiment  1.   The  treatments 
were  urea,  urea  plus  phosphoric  acid,  mono ammonium  phosphate 
(MAP),  and  MAP  plus  sodium  carbonate.   The  amount  of 
nitrogen  supplied  by  each  treatment  was  again  10  gm  per  45.4 
kg  body  weight. 

A  preliminary  study  was  conducted  with  two  extra 
fistulated  wethers  to  determine  the  amount  of  phosphoric 
acid  that,  when  administered  simultaneously  with  10  gm  of 
nitrogen  as  urea,  would  effect  a  change  in  rumen  pH  similar 
to  that  which  occurs  following  10  gm  of  nitrogen  as  MAP. 
This  amount  of  MAP  supplies  20.4  gm  of  phosphorus.   However, 
supplying  20,4  gm  of  phosphorus  as  reagent  grade  phosphoric 
acid  resulted  in  a  reduction  in  rumen  pH  to  unphysiological 
levels.   It  was  found  that  supplying  10  gm  of  phosphorus 
as  phosphoric  acid  per  45.4  kg  body  weight  would  reduce  the 
rumen  pH  similar  to  the  reduction  with  MAP.   Similarly,  a 
preliminary  study  indicated  that  21  gm  of  reagent  grade 
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sodium  carbonate  when  administered  simultaneously  with  10 
gm  of  nitrogen  in  the  form  of  MAP  would  affect  the  rumen 
pH  similar  to  that  which  occurs  following  10  gm  of  nitrogen 
as  urea.   The  designated  amounts  of  phosphoric  acid  and 
sodium  carbonate  were  diluted  with  water  to  400  ml  for 
dosing.   The  treatments  receiving  only  urea  or  MAP  also 
received  400  ml  of  water  per  45.4  kg  body  weight.   The 
sampling  procedures,  chemical  and  statistical  analyses 
were  the  same  as  those  described  for  Experiment  1. 

The  effect  of  the  four  treatments  on  rumen  pH  is 
presented  in  Table  13  and  is  presented  graphically  in 
Figure  4.   The  individual  data  are  presented  in  Appendix 
Table  3  3.   No  significant  differences  between  treatments 
in  predosing  ruminal  pH  were  observed.   The  urea  and  MAP 
plus  sodium  carbonate  treatments  had  pronounced  initial 
increases  in  rumen  pH.   The  urea  treatment  reached  a  peak 
of  7.52  at  one  hour  postdosing  and  then  gradually  declined 
until  the  twelfth  hour  to  a  value  slightly  lower  than  the 
predosing  value.   The  MAP  plus  sodium  carbonate  treatment 
reached  a  peak  of  7.19  at  one-half  hour  postdosing  followed 
by  a  fail  in  pH  to  6.78  after  only  one  hour. 

The  MAP  and  urea  plus  phosphoric  acid  treatments 
resulted  in  initial  decreases  in  pH.   The  urea  plus  acid 
treatment  reached  a  value  of  5.20  at  one-half  hour  followed' 
by  a  precipitous  rise  to  a  value  above  the  predosing  value 
by  the  fourth  hour.   The  MAP  treatment  exhibited  a  sharp 
decrease  during  the  initial  30  minutes  followed  by  a 
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TABLE  13.   EFFECT  OF  A  SINGLE  DOSE  OF  UREA,  UREA  PLUS 
PHOSPHORIC  ACID,  MONOAMMONIUM  PHOSPHATE,  OR 
MONOAMMONIUM  PHOSPHATE  PLUS  SODIUM  CARBONATE 

ON  RUMEN  pHa 


Hours 
After  Dosing 

Urea 

Urea 
+ 
Phosphoric 
Acid 

MAP 

MAP 
+ 
Sodium 
Carbonate 

0 

6.57 

6.54 

6.43 

6.40 

0. 

5 

7.06b 

5.20C 

6.03C 

7.19b 

1 

7.52b 

5.83C 

5.99C 

6.78b 

2 

7.40 

6.25 

6.02 

6.67 

3 

7.07b 

6.43bc  • 

5.90C 

6.69b 

4 

6.77b 

6.62b 

5.87C 

6.62b 

6 

6.6  6b 

6.53b 

5.87C 

6.54b 

3 

6.56b 

6.41b 

5.86° 

6.38b 

12 

6.55b 

6.11cd 

5.76d 

6.27bc 

24 

6.80b 

'  6.13C 

6.04C 

6.31bc 

All  values  are  means  for  four  periods  per  treatment. 

Vv  r*    A 

'    '    Means  on  the  same  line  bearing  different  superscripts 
are  significantly  (P  <.05)  different. 
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gradual  decline  to  a  low  of  5.76  at  twelve  hours  postdosing. 
The  MAP  plus  base  and  urea  plus  acid  treatments  showed 
similar  changes  in  rumen  pH  from  hour  four  through  the 
remainder  of  the  sampling  period. 

Statistical  analysis  of  the  rumen  pH  values  at  the 
individual  hours  revealed  the  urea  and  MAP  plus  sodium 
carbonate  treatments  to  have  significantly  (P  <.05)  greater 
pH  values  than  the  MAP  and  urea  plus  phosphoric  acid  treat- 
ments at  one-half  and  one  hour  postdosing.   The  MAP  plus 
base  treatment  continued  significantly  (P<  .05)  different 
from  the  MAP  treatment  for  hours  three  through  twelve. 
The  urea  treatment  resulted  in  a  significantly  (P <  .05) 
higher  rumen  pH  than  the  MAP  treatment  for  all  hours  post- 
dosing except  the  second.   This  is  similar  to  the  results 
reported  in  Experiment  1  for  the  urea  and  MAP  treatments. 

The  effect  of  treatment  on  rumen  ammonia-N  is 
presented  in  Table  14  and  Figure  5.   The  individual  data  are 
presented  in  Appendix  Table  '3  4.   No  significant  differences 
existed  between  treatments  in  predosing  rumen  ammonia-N 
concentrations.   The  MAP  and  MAP  plus  sodium  carbonate 
treatments  exhibited  an  almost  identical  pattern  in  con- 
centration throughout  the  sampling  period.   The  urea 
treatment  attained  its  peak  concentration  earlier  than  the 
urea  plus  phosphoiic  acid  treatment  with  the  latter  treat- 
ment sustaining  a  higher  concentration  throughout  the 
remainder  of  the  sampling  period. 
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TABLE  14.   EFFECT  OF  A  SINGLE  DOSE  OF  UREA,  UREA  PLUS 
PHOSPHORIC  ACID,  MONOAMMONIUM  PHOSPHATE,  OR 
MONOAMMONIUM  PHOSPHATE  PLUS  SODIUM  CARBONATE 
ON  RUMEN  AMMONIA-Na 


Mg/100  Ml 

Hours 
After  Dosing 

Urea 

Urea 
+ 
Phosphoric 
Acid 

MAP 

MAP 
+ 
Sodium 
Carbonate 

0 

9.7 

10.7 

11.0 

14.7 

0.5 

70. 7b 

34.  0b 

211 .5° 

246.5° 

1 

99. 2b 

57. 5d 

200. 7C 

193.5° 

2 

112. 7b 

90. 5b 

166. 5C 

158.5° 

3 

87. 7b 

be 
103. 2DC 

138.2° 

139.7° 

4 

73. 7b 

106.7 

121. 2° 

119.7° 

6 

59.0 

95.7 

96.7 

95.0 

9 

30.  5b 

75,  2° 

82. 7C 

70.7b° 

12 

19. 2b 

57.7° 

63.  2° 

6  2.0° 

24 

11. 0b 

26.0bG 

40.  2° 

40.0° 

All  values  are  means  for  four  periods  per  treatment. 

'  ''  Means  on  the  same  line  bearing  different  superscripts 
are  significantly  (P<.05)  different. 
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Statistical  analysis  of  the  ammonia-N  values  at  the 
individual  hours  revealed  no  differences  (P  <.05)  between 
the  MAP  and  MAP  plus  sodium  carbonate  treatments.   Signifi- 
cant (P  <.05)  differences  existed  between  the  urea  and  urea 
plus  phosphoric  acid  treatments  at  hours  one,  nine  and 
twelve  postdosing.   The  urea  and  MAP  treatments  differed 
significantly  (P  <.05)  at  all  hours  postdosing  except  hour 
six.   Again,  this  is  similar  to  the  results  reported  in 
Experiment  1  for  the  urea  and  MAP  treatments. 

The  effect  of  treatment  on  blood  urea-N  is  presented 
in  Table  15  and  Figure  6.   The  individual  data  are  presented 
in  Appendix  Table  35.   No  significant  differences  existed 
between  treatments  in  predosing  blood  urea-N  concentrations. 
The  MAP  plus  phosphoric  acid  treatment  had  a  consistently 
greater  concentration  of  blood  urea-N  than  the  urea  treat- 
ment throughout  the  sampling  period.   However,  these 
treatments  were  not  found  to  differ  significantly.   The  MAP 
and  MAP  plus  sodium  carbonate  treatments  exhibited  similar 
changes  in  blood  urea-N  concentrations.   The  urea  plus 
phosphoric  acid  treatment  had  significantly  (P  <.05)  greater 
concentrations  of  blood  urea-N  than  the  MA?  and  MAP  plus 
sodium  carbonate  treatments  at  hours  one,  two,  four  and  six 
postdosing. 

Discussion 

The  results  of  Experiment  1  suggest  that  pH  of  the 
rumen  contents  is  a  controlling  factor  in  the  rate  of 
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TABLE  15.   EFFECT  OF  A  SINGLE  DOSE  OF  UREA,  UREA  PLUS 
PHOSPHORIC  ACID,  MONOAMMONIUM  PHOSPHATE,  OR 
MONOAMMONIUM  PHOSPHATE  PLUS  SODIUM  CARBONATE 
ON  BLOOD  UREA--Na 


Mg/100 

Ml 

Hours 
After  Dosing 

Urea 

Urea 
+ 
Phosphoric 
Acid 

MAP 

MAP 
+ 
Sodium 
Carbonate 

0 

11.2 

12.5 

11.0 

11.0 

1 

15.2bc 

17.  8b 

13. 8C 

12. 8C 

2 

16.7bc 

19.  6b 

14.6° 

14.  3G 

3 

18.8 

20.7 

17.1 

15.6 

4 

be 
20.2   . 

21. 9b 

17. 1C 

16.  6C 

6 

21.3bc 

23. 6C 

18.  5b 

13. 5b 

9 

22.5 

24.6 

19.5 

20.1 

12 

21.7 

23.9 

20.0 

20.3 

24 

18.9 

21.3 

18.8 

20.6 

All  values  are  means  for  four  periods  per  treatment. 

b  c 

'  Means  on  the  same  line  bearing  different  superscripts 

are  significantly  (P  <.05)  different. 
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ammonia  absorption.   Of  the  non -protein  nitrogen  treatments, 
urea  resulted  in  the  greatest  increase  in  rumen  pH,  the  least 
increase  in  rumen  ammonia-N  concentration,  and  the  greatest 
increase  in  blood  urea-N.   Converse  responses  resulted  with 
the  monoammonium  phosphate  (MAP)  treatment  whereas  the 
diammonium  phosphate  (DAP)  treatment  was  intermediate  to  the 
urea  and  MAP  treatments.   Urea  is  hydrolyzed  in  the  rumen 
to  ammonia  and  carbon  dioxide.   However,  adding  10  gm  of 
nitrogen  per  45.5  kg  body  weight  in  the  form  of  MAP  is  also 
providing  the  rumen  with  20.4  gm  of  phosphorus,  and  an 
isonitrogenous  dose  of  DAP  adds  11.5  gm  of  phosphorus. 

It  is  possible  to  explain  theoretically  the  signifi- 
cance of  rumen  pH  changes  in  the  absorption  of  ammonia  from 
the  rumen.   It  is  well  recognized  that  the  speed  of  entry 
of  any  compound  into  a  cell  depends  largely  upon  its 
molecular  volume  and  its  lipoid  solubility.   It  is  pre- 
sumably for  these  reasons  that  ammonia  (NH,)  enters  cells 
readily  and  the  ammonium  ion  (NH.-)-)  slowly.   The  proportion 
of  NH_,  to  NH.+  present  in  the  rumen  contents  may  be  pre- 
dicted from  the  Kenderson-Hasselbach  equation,  with  the 
appropriate  substitution  of  the  pKa  value  of  NH.,  at  a 
temperature  of  40 °C: 

NH 
PH  -  8 . 8  +  log   ^ 

"4 

From  this  equation  it  can  be  calculated  that  the  propor- 
tion of  NH-  in  the  rumen  will  increase  rapidly  with  a  rise 
in  pH,  and  that  the  proportion  of  NH-  to  NH.+  will  increase 
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tenfold  for  a  rise  of  one  unit  in  the  pH  level.   It  is 
therefore  to  be  expected  that  as  the  pH  rises  the  rate  of 
absorption  of  ammonia-N  will  also  rise.   Studies  supporting 
this  theory  have  been  reported  (Coombe  et  al. ,  196  0;  Hogan, 
1961;  Bloomfield  et  al. ,  1963).   All  studies  showed  an 
increased  rate  of  absorption  from  the  rumen  of  ammonia-N 
following  an  increase  in  rumen  pH. 

Experiment  2  was  designed  to  examine  further  the 
effect  of  pH  on  ammonia-N  absorption  from  the  rumen.   The 
MAP  plus  sodium  carbonate  treatment  resulted  in  rumen  pH 
values  significantly  (P <  .05)  greater  than  the  MAP  treat- 
ment for  all  samples  taken  postdosing  except  for  those  at 
hours  two  and  twenty- four.   The  changes  in  rumen  ammonia-N 
and  blood  urea-N  concentrations  due  to  these  two  treatments, 
however,  were  essentially  identical  throughout  the  sampling 
period. 

The  urea  plus  phosphoric  acid  treatment  resulted  in 
rumen  pH  values  significantly  (P <  .05)  less  than  the  urea 
treatment  only  for  hours  one-half,  one,  twelve  and  twenty- 
four  postdosing.   The  difference  in  pH  which  occurred  early 
in  the  period  apparently  had  some  effect  on  rate  of  ammonia- 
N  absorption  from  the  rumen.   The  urea  plus  phosphoric  acid 
treatment  had  a  significantly  (P  <  .05)  lower  rumen  ammonia-N 
concentration  at  one  hour  postdosing,  and  throughout  the 
sampling  period  exhibited  a  consistently  greater  blood  urea-N 
concentration  than  the  urea  treatment.   This  is  the  reverse 
of  the  response  that  would  be  expected  if  the  rate  of 
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ammonia-N  absorption  from  the  rumen  were  due  to  rumen  pH 
per  se. 

These  results  are  contrary  to  those  reported  by 
Perez  et_al^  (1967)  when  fistulated  sheep  which  had  been 
fasted  24  hours  were  dosed  per  45.4  kg  body  weight  with 
either  9.3  go  of  nitrogen  as  urea  plus  10.7  gm  of  phosphorus 
as  phosphoric  acid,  or  with  only  9.3  gm  of  nitrogen  as  urea. 
They  reported  that  the  urea  plus  phosphoric  acid  treatment 
resulted  in  a.   significantly  (P  <  .01)  lower  rumen  pH,  a 

■ 

significantly  (P  <  .05)  greater  rumen  ammonia-N  concentra- 
tion, and  a  similar  trend  in  blood  urea-N  concentration. 
Although  the  results  of  the  treatments  involving 
phosphoric  acid  and  sodium  bicarbonate  do  not  support  the 
theory  that  pH  is  a  controlling  factor  in  the  rate  of 
ammonia  absorption,  support  is  found  by  comparing  the 
results  of  the  urea  and  MAP  treatments.   The  urea  treat- 
ment resulted  in  a  significantly  (P  <  .05)  higher  rumen  pH, 
a  significantly  (P <  .05)  lewer  rumen  ammonia-N  concentra- 
tion, and  a  consistently  higher  blood  urea-N  concentration 
than  the  MAP  treatment. 


CHAPTER  V 


THE  PHOSPHORUS  AVAILABILITY  IN  MONO AMMONIUM  AND 
MONOSODIUM  PHOSPHATES  EOR  GROWING  LAMBS 


As  previously  mentioned  in  the  introduction  to  Chapter 
III,  considerable  interest  has  been  generated  in  ammoniated 
phosphates  due  to  their  property  of  being  both  a  source  of 
non-protein  nitrogen  and  phosphorus.   The  present  experiment 
was  conducted  to  compare  the  relative  biological  avail- 
abilities of  phosphorus  in  monoammonium  and  monosodium 
phosphates  in  growing  lambs. 

Procedure  and  Results 

Twenty  ewe  lambs  were  used  in  the  present  experiment. 
All  lambs  were  wormed  three  weeks  prior  to  receiving  a 
phosphorus  depletion  type  diet  containing  0.09%  phosphorus 
and  1.64%  calcium.   This  diet  differed  from  the  basal  diet 
(Table  16)  only  by  the  replacement  of  1%  corn  starch  with 
calcium  carbonate.   Venous  blood  samples  were  taken  at  the 
beginning  and  end  of  a  2 -week  period  on  this  low-phosphorus, 
high-calcium  diet.   Average  initial  concentration  of  plasma 
phosphorus  was  6.5  mg/100  ml  and  had  dropped  to  an  average 
of  3.5  mg/100  ml  at  the  end  of  this  2-week  phosphorus- 
depletion  period. 
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The  lambs  were  randomly  allotted  according  to  weight 
and  final  p]      phosphorus  concentration  to  the  five 
treatment  diets  shown  in  Table  16.   The  lambs  were  housed 
individually  in  elevated  pens.   A  seedless  variety  of  citrus 
was  used  as  the  source  of  dried  citrus  pulp  and  gelatin  was 
used  as  a  source  of  preformed  protein  low  in  phosphorus. 
Based  on  the  work  of  Beeson  et  al.  (1944)  and  Preston  and 
Pfander  (1964) ,  it  was  felt  that  a  phosphorus  level  in  the 
supplemented  diets  of  0.13%  would  be  below  the  phosphorus 
requirement  for  these  lambs  dind  a  level  of  0.17%  would  be 
marginal  to  their  requirement.   Based  upon  the  analysis  of  the 
depletion  diet  (0.09%  P)  adequate  supplemental  phosphorus 
was  added  at  the  expense  of  corn  starch  to  provide  these 
levels.   However,  after  the  experimental  diets  were  mixed 
the  basal  diet  contained  0.11%  total  phosphorus  and  the 
supplemented  diets  contained  0.15  and  0.19%  phosphorus. 
Phosphorus,  calcium,  magnesium  and  crude  protein  values  for 
the  diets  that  were  obtained  by  chemical  analyses  are  also 
shown  in  Table  16.   The  high  calcium  content  of  these  diets 
resulted  from  the  addition  of  calcium  containing  compounds 
during  the  processing  of  the  citrus  pulp. 

The  diets  were  fed  once  daily  in  amounts  to  give 
about  a  10%  weigh  back.   The  lambs  were  weighed  every  2 
weeks  and  venous  blood  samples  were  obtained  weekly.   At 
the  end  of  9  weeks  en  the  experimental  diets  all  lambs 
were  slaughtered  and  the  right  femur  removed  for  analysis. 
Following  drying  and  ether  extraction  the  volume  of  each 
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bone  was  determined  by  measuring  the  amount  of  water  dis- 
placed by  the  total  bone. 

Phosphorus  content  of  feed,  plasma  and  bone  was 
determined  by  the  colorimetric  method  outlined  by  Fiske  and 
Subbarow  (1925)  and  determinations  for  calcium  and  magnesium 
were  made  by  atomic  absorption  spectrophotometry  according 
to  the  methods  recommended  by  the  manufacturer  (Anonymous, 
1964) .   The  data  were  analyzed  statistically  by  analysis  of 
variance  and  significant  differences  between  means  were 
determined  using  Duncan's  New  Multiple  Range  Test  (Steel 
and  Torrie,  1960)  . 

The  total  weight  gains,  daily  feed  intake  and  feed 
efficiency  of  lambs  on  the  five  treatments  are  presented  in 
Table  17.   Individual  data  are  presented  in  Appendix  Table 
36.   Two  lambs  on  the  0.19%  monosodium  phosphate  treatment 
lost  2.5  and  4.5  kg,  respectively,  during  the  9-week  experi- 
mental period  and  were  excluded  from  the  data  analyses. 

The  total  weight  gain's  on  the  0.19%  phosphorus- 
monoammonium  phosphate  diet  were  significantly  (P  <.05) 
greater  than  those  on  the  0.15%  phosphorus-monosodium  phos- 
phate diet  and  the  basal  diet.   There  was  an  apparent  trend 
of  increasing  weight  gain  and  feed  consumption  with  increas- 
ing levels  of  total  dietary  phosphorus  and  the  greatest 
increases  occurred  with  the-  monoammonium  phosphate  supplemented 
diets. 

The  level  of  inorganic  phosphorus  in  plasma  is  widely 
used  as  an  index  of  the  state  of  phosphorus  nutrition  of  an 
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animal.   Table  18  summarizes  the  plasma  phosphorus,  calcium 
and  magnesium  levels  at  regular  times  during  the  course  of 
the  experiment.   Individual  data  for  inorganic  plasma  phos- 
phorus, calcium  and  magnesium  are  presented  in  Appendix 
Tables  37-39.   Lambs  receiving  the  basal  diet  had  lower 
plasma  phosphorus  levels  throughout  the  experiment  than 
lambs  receiving  supplemental  phosphorus.   There  were  no 
significant  differences  in  plasma  phosphorus  levels  between 
supplemental  phosphorus  sources  or  levels.   There  was  a 
tendency  for  plasma  calcium  levels  of  lambs  receiving  supple- 
mental phosphorus  to  decrease  following  the  third  week  of 
the  experiment.   Plasma  levels  of  all  minerals  analyzed 
tended  to  decrease  during  the  final  2  weeks.   However,  none 
of  these  changes  were  significant. 

Table  19  summarizes  the  data  collected  from  the  femurs 
of  lambs  on  the  five  treatments.   Individual  data  are  pre- 
sented in  Appendix  Tables  4  0-41.   There  were  no  significant 
differences  between  treatments  in  weight  of  dry,  fat-free 
bone  nor  in  bone  ash  content.   These  values  were  numerically 
greater,  however,  in  the  bones  of  lambs  having  received  the 
highest  supplemental  levels  of  phosphorus.   The  percent 
phosphorus  of  bone  ash  was  highest  for  lambs  having  received 
supplemental  phosphorus  with  the  difference  between  the  basal 
treatment  and  the  treatment  containing  the  highest  level  of 
monoammonium  phosphate  being  significant  (P <  .05).   The 
percent  calcium  and  magnesium  of  bone  ash  was  likewise 
numerically  higher  for  lambs  having  received  supplemental 
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TABLE  13.   AVERAGE  PHOSPHORUS,  CALCIUM  AND  MAGNESIUM  LEVELS 
IN  PLASMA  OF  LAMBS  FED  DIFFERENT  SOURCES  AND  LEVELS 
OF  PHOSPHORUS  DURING  A  9 -WEEK  GROWTH  TRIAL 


Phosphorus 

Week. 

3  on  Trial 

Source 

Percent 

0 

3 

6 

9 

X° 

Phosphorus 

(mg/100 

ml  pl< 

isma) 

Basal 

0.11 

3.60 

4.09 

4.99 

4.54 

4.54 

Monoammonium 

0.15 

3.20 

4.90 

5.92 

4.88 

5.23 

Monoammonium 

0.19 

3.56 

4.90 

6.37 

5.19 

5.49 

Mono sodium 

0.15 

3.37 

5.50 

5.94 

5.47 

5.64 

Monosodium 

0.19 

4.05 

5.79 

6.86 

4.80 

5.82 

Average 

3.56 

5.04 

6.02 

4.98 

Calcium  (mg/100  ml  plasma) 


Basal 

0.11 

9.53 

10 

99 

11 

27 

Monoammonium 

0.15 

10.30 

10 

85 

10 

70 

Monoammonium 

0.19 

10.38 

10 

12 

10 

,17 

Monosodium 

0.15 

11.04 

10 

.55 

9 

.75 

Monosodium 

0.19 

11.01 

11 

.54 

10 

65 

9.92  10.73 

9.56  10.37 

9.39  9.89 

9.50  9.93 

9.59  10.59 


Average  10.45    10.81   10.51    9.59 


Magnesium  (mg/100  ml  plasma) 


Basal 

0.11 

1.95 

2.13 

2.41 

2.27 

2.27 

Monoammonium 

0.15 

1.67 

2.07 

2.22 

2.11 

2.13 

Monoammonium 

0.19 

1.79 

2.05 

2.26 

2.12 

2.14 

Monosodium 

0.15 

1.79 

2.08 

2.14 

2.02 

2.08 

Monosodium 

0.19 

2.07 

2.47 

2.48 

2.24 

2.40 

Average 

1.8  5 

2.16 

2.30 

2.15 

Each  value  under  weeks  3,  6  and  9  is  the  average  of  three 
weekly  sampling  periods. 

Statistical  analyses  were  conducted  on  the  changes  in 
plasma  mineral  concentrations  between  the  initial  con- 
centrations and  the  averages  of  every  3  consecutive  weeks, 

'Overall  mean  of  the  nine  weekly  sampling  periods. 
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phosphorus.   The  0.19%  monosodium  phosphate  treatment  group, 
which  consisted  of  two  lambs,  resulted  in  significantly 
(P  <.05)  greater  bone  ash  concentrations  of  magnesium  than 
the  other  treatment  groups.   Expressing  the  dry,  fat-free 
weights  and  the  ash  weights  of  the  bones  as  mg  per  cc 
resulted  in  the  general  trend  of  increasing  values  with 
increasing  levels  of  phosphorus. 

Discussion 

The  relative  availabilities  of  the  phosphorus  in 
many  inorganic  phosphorus  sources  have  been  evaluated  for 
ruminants  using  animal  growth  studies  (Long  et  al. ,  1957; 
Wise  et  al . ,  1961;  Perez  et  al . ,  1967).   Parameters  often 
measured  in  such  studies  are  rate  of  gain,  feed  intake, 
inorganic  blood  phosphorus,  and  various  bone  measurements. 

The  present  study  was  designed  to  include  three 
levels  of  phosphorus;  two  were  to  be  inadequate  for  normal 
growth  and  performance  and  the  third  level  was  to  be 
marginal.   All  treatment  diets  used,  however,  analyzed  0.02% 
higher  in  total  phosphorus  than  anticipated.   The  lowest 
supplemental  phosphorus  treatment,  which  contained  0.15% 
total  phosphorus,  was  probably  marginal  with  respect  to 
the  level  of  phosphorus  needed  for  normal  lamb  growth. 
Beeson  et  al .  (19  44)  found  diets  containing  0.15%  total 
phosphorus  to  be  adequate  for  supporting  good  rate  of  gain, 
efficient  feed  utilization  and  normal  blood  phosphorus 
levels  .in  fattening  lambs. 
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In  the  present  experiment,  treatment  groups  receiving 
supplemental  phosphorus  as  monoamine nium  phosphate  had 
numerically  greater  average  daily  feed  intakes  and  gains 
than  groups  receiving  diets  supplemented  with  monosodium 
phosphate.   The  plasma  and  bone  analyses,  however,  did  not 
show  consistent  trends  for  either  sources  of  '.norganic 
phosphorus . 

Both  the  0.15  and  0.19%  total  phosphorus  levels  in 
the  supplemented  diets  were  apparently  adequate  to  support 
normal  bone  metabolism  and  a  normal  serum  phosphorus  level 
in  the  growing  lambs.   Long  et  al .  (1957)  reported  linear 
increases  in  feed  intake,  weight  gains  and  serum  inorganic 
phosphorus  levels  with  steers  receiving  0.07,  0.11  and 
0.15%  total  dietary  phosphorus,  whereas  a  phosphorus  level 
of  0.19%  gave  results  similar  to  the  0.15%  phosphorus 
treatment. 

In  spite  of  the  limitation  of  the  present  experiment 
of  higher  than  desired  experimental  levels  of  phosphorus  in 
the  diets,  it  can  be  concluded  that  the  phosphorus  in 
monoammonium  phosphate  was  as  well  utilized  by  the  growing 
lambs  as  that  from  monosodium  phosphate.   This  result  is 
consistent  with  studies  in  which  diammonium  phosphate 
(Oltjen  et  al. ,  1963;  Hillis,  1968),  urea-phosphate  (Perez 
et  al.  ,  1967),  and  phosphoric  acid  (Richardson  et  al. ,  1957; 
Tillman  and  Brethour ,  1958?)  have  been  found  to  be  readily 
available  sources  of  phosphorus  to  ruminants. 


CHAPTER  VI 

EFFECT  OF  AGE  AND  DIETARY  LEVEL  OF  MAGNESIUM 
ON  MAGNESIUM  UTILIZATION  BY  SHEEP 

The  availabilities  of  magnesium  stores  in  the  body 
for  mobilization  during  periods  of  stress  or  magnesium 
deficiency  are  believed  to  decrease  with  age.   Wilson  (1960) 
suggested  that  the  greater  frequency  of  hypomagnesaemic 
tetany  in  mature  animals  may  be  partly  due  to  their  de- 
creased ability  to  mobilize  reserves  of  magnesium  from 
bone  as  readily  as  the  young  animal. 

In  the  present  experiment  the  effect  of  age  on 
magnesium  utilization  by  sheep  was  determined  using 
balance  techniques  and  estimates  were  made  of  the  dietary 
magnesium  requirements  for  maintenance  of  the  different 
age  groups. 

Procedure  and  Results 

Thirty-six  Florida  native  wethers  (12  lambs,  1.2 
yearlings  and  12  adult  sheep)  were  randomly  assigned,  within 
age  groups,  to  three  dietary  levels  of  magnesium.   The 
levels  were  calculated  to  be  330,  660  and  990  ppm  magnesium 
but  the  diets  fed  were  found  to  contain  400,  650  and  950  ppm 
magnesium,  respectively.   The  supplemental  magnesium  was 
supplied  as  the  carbonate  by  addition  of  the  desired  levels 
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to  a  semi-purified  diet  (Table  20)  at  the  expense  of  corn 
starch.   The  diet  contained  0.20%  phosphorus,  0.26%  calcium 
and  11.6%  crude  protein  upon  analysis. 

All  animals  had  received  a  corn-hay  based  diet  for 
the  previous  6  6  days  and  had  been  treated  twice  for  in- 
testinal parasites.   The  animals  were  housed  individually 
in  raised  metabolism  crates  and  fed  once  daily  their 
respective  treatment  diet  at  a  computed  maintenance  level. 
This  level  was  calculated  by  first  determining  the  amount 
of  metabolixable  energy  (ME)  each  sheep  would  need  for 
maintenance  by  the  formula: 

1.33  x  70  (kg°'/5)  kilocalories 
where  70  kg  *    is  an  estimate  of  the  energy  needed  for 
basal  metabolism  and  the  factor  1.33  is  an  estimate  of  the 
unavoidable  daily  activity  of  an  animal.   Values  of  ME  for 
all  ingredients  were  not  available  and  estimates  were  made 
for  these.   The  estimated  ME  content  of  the  diet  was  2.125 
kilocalories  per  kilogram  of  dry  matter  and  the  intake  of 
this  diet  needed  for  maintenance  was  calculated  to  be  50  gm 
daily  per  kg  of  metabolic  body  weight  (kg0,75)  as  illustrated 
in  Table  21.   This  computed  maintenance  level  proved 
approximately  accurate,  based  upon  an  average  initial  weight 
(41.4  kg)  and  average  final  weight  (41,8  kg)  at  the  end  of 
31  days  in  the  metabolism  crates.   Tap  water  was  provided 
ad  libitum. 

A  21-day  preliminary  feeding  period  was  followed  by 
a  7-day  collection  period.   During  the  collection  period 


TABLE  20.   COMPOSITION  OF  EXPERIMENTAL  DIET 


Ingredient 


Corn  cobs  and  shucks,  ground  35.50 

Pure  soy  protein^-  7.50 

"rea  1.50 

Cerelose  18.00 

Corn  starch  31.62 

Corn  oil2  3>00 

Trace  mineral  mixture  0.24 

Salt  0.60 

Calcium  carbonate  (40%  calcium)  0.57 

Monosodium  phosphate  (25%  phosphorus)  0.47 

Vitamins^,.  + 

Variables"3  1.00 

100.00 


Pure  soy  protein  C-l — Skidmore  Enterprises,  Cincinnati, 
Ohio. 

2 

Stabilized  with  ethoxyquin. 

Ingredients    %  of  Mixture   Mineral  added  to  diet,  ppm 

450 

100 

50 

25 

12 

5 

2 

100.  00~ 

4 
2,200  IU  vitamin  A  palmitate,  440  IU  vitamin  D„  and  11  mg 
DL  alpha  tocopherol  added  per  kg  of  diet. 

5 
Variable  levels  of  MgCO.,;  corn  starch  was  added  or  removed 
to  adjust  to  100%. 


Sulfur  (Na  SO.) 

81.37 

Iron  (FeSO„) 
4' 

11.13 

Zinc  (ZnC03) 

3.93 

Manganese  (MnCO^) 

2.14 

Copper  (CuSO.) 

1.00 

Iodine  (KI) 

0.27 

Cobalt  (CoC03) 

0.16 
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total  fee  I  and  urinary  collections  were  made  at  24-hour 
intervals.   Urine  was  collected  in  plastic  buckets  to  which 
approximately  100  ml  of  a  25%  HC1  solution  and  10  ml  of 
toluene  had  been  added.   Urine  volumes  were  recorded  daily 
and  a  10%  aliquot  was  saved  for  chemical  analysis.   Feces 
were  collected  daily  using  fecal  collection  b-.gs.   Blood 
samples  were  obtained  by  jugular  puncture  for  3  consecutive 
days  at  the  end  of  the  collection  period,  and  the  plasma  was 
obtained  for  each  sample  for  the  determination  of  magnesium, 
calcium  and  phosphorus. 

The  7-day  fecal  collections  were  pooled,  thoroughly 
mixed,  and  dried  to  a  constant  weight  in  a  forced  air  oven 
at  approximately  60 °C.   The  dried  excreta  were  allowed  to 
gain  moisture  from  the  atmosphere  for  72  hours,  after  which 
they  were  weighed,  ground  finely,  and  an  aliquot  saved  for 
gross  energy,  magnesium,  calcium  and  phosphorus  determinations 

A  sample  of  the  urine  as  collected  was  saved  for  gross 
energy  determinations.   The  remainder  was  filtered  through 
Whatman  No.  42  filter  paper  and  approximately  100  ml  kept 
for  magnesium,  calcium  and  phosphorus  determinations. 

Energy  content  of  diets,  feces  and  urine  was  deter- 
mined by  combustion  in  a  Parr  oxygen  bomb  adiabatic  calori- 
meter.  Urine  samples  were  prepared  by  saturating  a  tared 
cellulose  pellet  in  a  combustion  capsule  with  5  ml  of  urine 
and  drying  in  a  vacuum  desiccator.   Data  were  corrected  for 
energy  value  of  the  cellulose  used  with  each  sample  portion. 
Acid  and  sulfur  corrections  (?arr  Manual  No.  130,  1960)  were 
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made  for  all  samples  combusted.   Sulfur  was  determined  by 
the  method  outlined  by  the  A.O.A.C.1  (1960). 

Metabolizable  energy  values  were  determined  as  gross 
energy  kilocalories  in  the  diet,  minus  gross  energy  kilo- 
calories  excreted  in  the  combined  urine  and  feces,  minus 
the  estimated  gross  energy  lost  in  the  methane.   The  gross 
energy  lost  in  the  methane  was  estimated  according  to  the 
formula  of  Blaxter  (1962)  . 

Determinations  of  dry  matter  and  ash  in  feed  and 
feces  and  nitrogen  in  feed  were  made  on  duplicate  samples 
according  to  the  methods  outlined  by  the  A.O.A.C.  (1960). 
Determinations  for  magnesium  and  calcium  in  feed,  feces, 
urine  and  plasma  wore  made  by  atomic  absorption  spectro- 
photometry according  to  the  methods  recommended  by  the 
manufacturer  (Anonymous,  196  4) .   Phosphorus  content  of 
feed,  feces,  urine  and  plasma  was  determined  by  the  colori- 
metric  method  outlined  by  Fiske  and  Subbarow  (1925) .   The 
data  were  analyzed  statistically  by  regression  analysis 
and  analysis  of  variance  with  significant  differences  between 
means  determined  by  using  Duncan's  New  Multiple  Range  Test 
(Steel  and  Torrie,  1960). 

One  lamb  and  one  yearling  on  the  lowest  dietary 
magnesium  level  were  removed  from  the  experiment  due  to  in- 
adequate feed  consumption.   The  calculated  values  for 
apparent  absorption  of  magnesium,  calcium  and  phosphorus  are 
summarized  in  Table  22  and  values  for  individual  animals  are 
presented  in  Appendix  Tables  42-44.   By  examining  the  main 
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TABLE  22 .   EFFECT  OF  AGE  AND  DIETARY  MAGNESIUM  ON  APPARENT 
ABSORPTION  OF  MAGNESIUM,  CALCIUM  AND  PHOSPHORUS  IN  SHEEP 


Treatmen 

it 

Apparen 

t  Absorpt 

Magnesium 
Intake ,  mg 

ion,  % 

Age 

Mg 

Ca 

P 

Main  effects 

24.56d 

10-27de 
0.85 

Lambs 

- 

25.80 

Yearlings 

- 

29.54*! 
27.26de 

10.54 

Adult  sheep 

- 

-2.30e 

28.66 



20.0 

°-43v 

7.21 

28.96 



32.5 

32.17y 

1.87 

22.31 



47.5 

44.32Z 

0.02 

15.54 

Interaction  effects 

-7.51d 

23.82d 
12.40  e 

Lambs 

20.0° 

42.91 

Lambs 

32.5 

30. 14*! 
43.79 

26.38 

Lambs 

47.5 

-2.02*! 
6.08de 

12.40 

Yearlings 

20. 0G 

3.59g 

17.48 

Yearlings 

32.5 

32.39*! 
45.64r 

-4.54e 

9.70 

Yearlings 

47.5 

2.33e 

6.19 

Adult  sheep 

20.0 

4.76g 

-4.40e 

27.09 

Adult  sheep 

32.5 

33.47*! 
43.54r 

-2.24e 

30.87 

Adult  sheep 

47.5 

-0.25e 

28.02 

Magnesium  intake  per  kg  '    body  weight.   Five 
animals  had  incomplete  consumptions  of  their  diets; 
the  amount  of  magnesium  refused  was  less  than  3  mg 
per  kgO'75  body  weight. 

Values  for  main  effects  due  to  age  are  based  on  11 
lambs,  11  yearlings  and  12  adult  sheep;  values  for 
main  effects  due  to  magnesium  intake  are  based  on  10, 
12  and  12  animals  for  the  2  0.0,  32.5  and  47.5  mg 
magnesium  intake  levels,  respectively. 

Each  value  based  on  3  animals  per  treatment;  all 
other  values  for  interaction  effects  are  based  on 
4  animals  per  treatment. 

'  '  'gMeans  in  same  column  and  within  the  same  main  or 

interaction  effects  with  different  superscripts  are 
significantly  (P<.05)  different. 

,jr '  Means  in  same  column  and  within  the  same  main  or 

interaction  effects  with  different  superscripts  are 
significantly  (P  <  .01)  different. 
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effect  due  to  age  there  was  found  to  be  a  greater  (P  <  .05) 
apparent  absorption  of  magnesium  by  yearlings  than  by  lambs 
with  adult  sheep  being  intermediate.   With  increased  age 
there  was  a  linear  decrease  in  apparent  absorption  of 
calcium  (P  <  .01)  and  no  significant  effect  on  apparent 
absorption  of  phosphorus.   Increased  dietary  magnesium 
resulted  in  a  linear  increase  in  apparent  absorption  of 
magnesium  (P  <  .01).   Although  the  differences  were  not 
significant  the  data  did  suggest  a  progressive  decrease  in 
apparent  absorption  of  calcium  and  phosphorus  with  increased 
dietary  magnesium.   No  significant  age  x  magnesium  intake 
interactions  existed  for  apparent  absorptions  of  these 
minerals . 

The  calculated  values  for  net  retention  of  magnesium, 
calcium  and  phosphorus  are  summarized  in  Table  23  and  values 
for  individual  animals  are  presented  in  Appendix  Tables  45-47. 
As  age  of  the  sheep  increased  there  was  no  significant  effect 
on  net  retention  of  magnesium  but  there  were  significant 
linear  decreases  in  retentions  of  calcium  (P <  .01)  and  phos- 
phorus (P  <.0i).   As  magnesium  intake  increased  there  were 
significant  linear  decreases  in  net  retention  of  calcium 
(P <  .01)  and  phosphorus  (P  <.01).   An  age  x  magnesium  intake 
interaction  (P  <.01)  effect  was  obtained  on  percent  net  re- 
tention of  magnesium.   3y  examining  the  individual  interaction 
effects  it  is  found  that  percent  net  retention  of  magnesium 
for  lambs  at  the  lowest  level  of  dietary  magnesium  was 
significantly  (P  <.05)  less  than  the  values  for  yearlings 
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TABLE  23.   EFFECT  OF  AGE  AND  DIETARY  MAGNESIUM  ON  NET 
RETENTION  OF  MAGNESIUM,  CALCIUM  AND  PHOSPHORUS  IN  SHEEP 


Treatment 

Net 

Retention 

Magnesium 
Intake,  mg 

,  % 

Age 

Mg 

Ca 

P 

Main  effects 

0.81d 

8.75d 
-7.17 

Lambs 

-  • 

0.81 

Yearlings 

- 

0.69 

-12.98 

Adult  sheep 

- 

4.11 
-6.74° 

-13.41® 
1.33 

-8.02^ 
2.76ds 



20.0 



32.5 

5.24e 

-11.94s 



47.5 

5.85e 

-13.74s 

-7.37S 

Interaction  effe 

^ts 

-16.19df 
5.94sr 

17. 78^ 

1.32?; 

-12.42" 
1.05de 

-21.45% 
-15.03  J 

-10.79% 
-15.68% 
-13.76 

16.99d 
11.737s. 

4.02°er 

-8  .  72t 

-14.02% 

-5.07s 

-11.29% 
ef 
-7.70 

Lambs 

20. 0C 

Lambs 

32.5 

Lambs 

47.5 

8.42e 

Yearlings 
Yearlings 
Yearlings 

20. 0C 

32.5 

47.5 

-5.11% 

4.07% 

1.67sfg 

-0.87f? 

e  r 

5.73  • 

7.47e 

Adult  sheep 

20.0 

Adult  sheep 
Adult  sheep 

32.5 
47.5 

Magnesium  intake  per  kg  "    body  weight.   Five 
animals  had  incomplete  consumptions  of  their  diets; 
the  amount  of  magnesium  refused  was  less  than  3  mg 
per  kg  '    body  weight. 

Values  for  main  effects  due  to  age  are  based  on  11 
lambs,  11  yearlings  and  12  adult  sheep;  values  for 
main  effects  due  to  magnesium  intake  are  based  on  10, 
12  and  12  animals  for  the  20.0,  32.5  and  47.5  mg 
magnesium  intake  levels,  respectively. 

Each  value  based  on  3  animals  per  treatment;  all 
other  values  for  interaction  effects  are  based  on 
4  animals  per  treatment. 

'  '  '-Means  in  same  column  and  within  the  same  main  or 

interaction  effects  with  different  superscripts  are 
significantly  (P  <  .05)  different. 

fJ  '   Means  in  same  column  and  within  the  same  main  or 

interaction  effects  with  different  superscripts  are 
significantly  (P  <  .01)  different. 
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and  adult  sheep  having  received  the  same  magnesium  level. 
However,  values  of  percent  net  retention  of  magnesium  for 
lambs  were  numerically  greater  than  values  for  yearlings 
and  adult  sheep  at  each  of  the  two  higher  magnesium  intake 
levels. 

The  values  for  urinary  excretion  as  percent  of  intake 
of  magnesium,  calcium  and  phosphorus  are  summarized  in  Table 
24  and  values  for  individual  animals  are  presented  in 
Appendix  Tables  48-50.   There  was  found  to  be  a  significant 
(P <  .05)  quadratic  effect  of  age  on  urinary  excretion  of 
magnesium  when  expressed  as  percent  of  magnesium  intake. 
Yearlings  excreted  a  significantly  (P  <  .05)  greater  per- 
centage than  either  lambs  or  adult  sheep.   Examination  of 
the  interaction  effects  suggests  this  difference  was  due  to 
yearlings  which  received  the  highest  level  of  magnesium. 
They  excreted  a  significantly  (P  <  .05)  greater  percentage  in 
the  urine  than  did  lambs  or  adult  sheep  receiving  the  same 
magnesium  level.   Age  had  no  significant  effect  on  calcium 
excretion  in  the  urine  but  with  increased  age  there  was  a 
linear  increase  in  urinary  excretion  of  phosphorus  when 
expressed  as  percent  of  intake  (P<  .05).   Increased  dietary 
magnesium  resulted  in  linear  increases  in  urinary  excretion 
as  percent  of  intake  for  magnesium  (P <  .01)  and  calcium 
(P  <  .01)  with  no  significant  effect  on  phosphorus. 

The  values  for  plasma  levels  of  magnesium,  calcium 
and  phosphorus  are  summarized  in  Table  25  and  values  for 
individual  animals  are  presented  in  Appendix  Tables  51-53. 
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TABLE  24.   EFFECT  OF  AGE  AND  DIETARY  MAGNESIUM  ON  URINARY 
EXCRETION  AS  PERCENT  OF  INTAKE  OF  MAGNESIUM,  CALCIUM  AND 

PHOSPHORUS  IN  SHEEP 


Treatment 

Urinary 

Excretion, 

Ma< 
In 

-jnesium 
take ,  mgc 

%  of  Intake 

Age 

1    Mg 

Ca 

P 

Main  effects 

24.02d 

17.07d 
17.74a 

Lambs 

- 

9.45 

Yearlings 

- 

28,93® 
23.13 

7.47X 

13.84 

Adult  sheep 

20.0 

11.13, 

5.8  9 

3  6.68e 
24.69 



32.5 

26.90Y 

13.81e 

25.07 



47.5 

33.54Z 

13.76e 

22.94 

Interaction  effects 

8.70d 

6.06d 
11.08^e 

Lambs 

20.  0G 

25.95 

Lambs 

32.5 

24. 18® 

14.65 

Lambs 

47.5 

35.36;: 
3.70d 
23.81et 

10.33^° 

5.0  3 
16.91G 

12.82 

Yearlings 
Yearlings 

20. 0C 
32.5 

13.47 
18.41 

Yearlings 

47.5 

44. 22^ 
5.62d 

17.38® 
6.40^ 
13 . 46^e 
13.53ae 

20.27 

Adult  sheep 

20.0 

32.15 

Adult  sheep 

32.5 

27.73® 
36.05 

42.16 

Adult  sheep 

47.5 

35.73 

Zlagnesxum 

intake  per 

,  0.75  ,  , 
kg     body- 

weight. 

Five 

animals  had  incomplete  consumptions  of  their  diets; 
the  amount  of  magnesium  refused  was  less  than  3  mg 
per  kg0 -75  body  weight. 

Values  for  main  effects  due  to  age  are  based  on  11 
lambs,  11  yearlings  and  1.2  adult  sheep;  values  for 
main  effects  due  to  magnesium  intake  are  based  on  10, 
12  and  12  animals  for  the  20.0,  32.5  and  47.5  mg 
magnesium  intake  levels,  respectively. 

c 

Each  value  based  on  3  animals  per  treatment;  all 

other  values  for  interaction  effects  are  based  on 
4  animals  per  treatment. 

'    '    'yMeans  in  same  column  and  within  the  same  main  or 

interaction  effects  with  different  superscripts  are 
significantly  (P<.05)  different. 

,Y'  Means  in  same  column  and  within  the  same  main  or 

interaction  effects  with  different  superscripts  are 
significantly  (P<,01)  different. 
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TABLE  25.   EFFECT  OF  AGE  AND  DIETARY  MAGNESIUM  ON  PLASMA 
LEVELS  OF  MAGNESIUM,  CALCIUM  AND  PHOSPHORUS  IN  SHEEP 


Treatment 

Plasma 

Levels , 

" 

Magnesium 

Intake ,  mg 

mg/100  ml 

Age 

Mg 

Ca 

P 

Main  effects 

6.8  9d 

Lambs 

- 

1.89 

8.80 

Yearlings 

- 

1.91 

8.84 

5.69e 

Adult  sheep 

- 

1.85 

8.47 

5.33e 



20.0 

1.44X 

8.59 

5.66 



32.5 

1.95y 

8.54 

6.08 



47.5 

2.18z 

8.94 

6.06 

Interaction  effei 

uts 

1.47d 

8.62de 

7.18d 

6.90^ 

6.66^ 

5.72de 

5.91de 

5.46de 

4.48® 

5.44de 

6.06de 

Lambs 

20. 0C 

Lambs 

32.5 

1.94? 

8.50® 

9.23^ 

de 
8.88" 

8.74de 

8.91de 

8.36e 

8.39s, 

8.67de 

Lambs 

47.5 

2.16^ 
1.52d 
1.96® 
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animals  had  incomplete  consumptions  of  their  diets; 
the  amount  of  magnesium  refused  was  less  than  3  mg 
per  kg0'75  body  weight. 

Values  for  main  effects  due  to  age  are  based  on  11 
lambs,  11  yearlings  and  12  adult  sheep;  values  for 
main  effects  due  to  magnesium  intake  are  based  on  10, 
12  and  12  animals  for  the  20.0,  32.5  and  47.5  mg 
magnesium  intake  levels,  respectively. 

Each  value  based  on  3  animals  per  treatment;  all  other 
values  for  interaction  effects  are  based  on  4  animals 
per  treatment . 

'  '  ' ' JMeans  in  same  column  and  within  the  same  main  or 

interaction  effects  with  different  superscripts  are 
significantly  (P  <.05)  different. 

x  v  z 
,x  ;  'Means  in  same  column  and  within  the  same  main  or 

interaction  effects  with  different  superscripts  are 

significantly  (P  <.01)  different. 


92 

Age  did  not  significantly  affect  plasma  levels  of  magnesium 
and  calcium  but  with  increasing  age-  there  was  a  linear 
decrease  in  plasma  phosphorus  (P  <  .01).   Increased  dietary 
magnesium  resulted  in  a  linear  increase  in  plasma  magnesium 
(P  <.01)  but  magnesium  intake  did  not  significantly  affect 
plasma  levels  of  calcium  and  phosphorus. 

The  average  value  for  metabolizable  energy  of  the 
experimental  diet  fed  was  2,630  kilocalories  per  kilogram 
of  dry  matter  with  no  apparent  effects  due  to  age  or 
magnesium  level.   Fecal  magnesium  per  1,000  kilocalories  of 
metabolizable  energy  intake  plotted  against  magnesium  in- 
take per  1,000  kilocalories  of  metabolizable  energy  for  the 
three  age  groups  of  sheep  are  shown  in  Figure  7.   Individual 
values  are  presented  in  Appendix  Table  54.   The  linear  re- 
gression equations  for  the  three  ages  were:   lambs,  Y  =• 
0.13X  +  170.91  (r  =  0.60);  yearlings,  Y  =  0.25X  +  122.25 
(P  <  .01,  r  -  0.86) ;  adult  sheep,  Y  =  0.26X  +  113.44  (P  <  .01, 
r  =  0.74).   No  significant  differences  were  found  between 
the  slopes  of  the  three  regression  lines. 

The  point  at  which  the  regression  lines  intersect 
the  ordinate  can  be  considered  as  the  theoretical  values 
for  the  metabolic  fecal  magnesium  for  the  three  ages.   These 
values  were  170.91,  122.25  and  118.44  mg  of  magnesium  per 
1,000  kilocalories  of  metabolizable  energy  intake  per  day 
for  lambs,  yearlings  and  adult  sheep,  respectively. 

The  relation  between  fecal  magnesium  and  magnesium 

0  75 
intake,  both  expressed  as  mg  per  kg  *    body  weight  per  day, 
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FIGURE  7.   RELATION  OF  FECAL  MAGNESIUM  TO  MAGNESIUM 
INTAKE  PER  1,000  KILOCALORIES  OF 
METABOLIZABLE  ENERGY  INTAKE  PER  DAY 
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is  presented  in  Figure  8  and  individual  data  are  presented 
in  Appendix  Table  55.   The  linear  regression  equations  for 
the  three  ages  were:   lambs,  Y  -  0.20X  +.16.87  (P <  .01, 
r  =  0.89)  ;  yearlings,  Y  -  0.25X  +  13.95  (P  <  .01,  r  =  0.88)  ; 
adult  sheep,  Y  =  0.30X  +  12.30  (P  <  .01,  r  -  0.82) .   No 
significant  differences  existed  between  the  slopes  of  the 
regression  lines.   The  theoretical  values  for  metabolic 

fecal  magnesium  obtained  by  extrapolation  to  the  Y  axis 

0  75 
were  16.87,  13.95  and  12.30  mg  of  magnesium  per  kg  '    body 

weight  per  day  for  lambs,  yearlings  and  adult  sheep, 

respectively. 

This  same  relationship  between  fecal  magnesium  and 
magnesium  intake,  but  expressed  as  mg  per  kg  body  weight  per 
day,  is  shown  in  Figure  9  and  individual  data  are  presented 
in  Appendix  Table  56.   The  resulting  linear  regression 
equations  for  the  three  ages  were:   lambs,  Y  -  0.20X  +  7.26 
(P  <  .01,  r  -  0.87) ;  yearlings,  Y  =  0.24X  +  5.48  (P  <  .01, 
r  -  0.85)  ;  adult  sheep,  Y  -  0.33X  +  4.25  (P  <  .01,  r  =  0.83)  . 
Again  no  significant  differences  existed  between  slopes  of 
the  regression  lines.   The  theoretical  values  for  metabolic 
fecal  magnesium  were  7.26,  5.48  and  4.25  mg  of  magnesium  per 
kg  body  weight  per  day  for  lambs,  yearlings  and  adult  sheep, 
respectively. 

Figure  10  presents  urinary  magnesium  plotted  against 
magnesium  intake,  both  expressed  as  mg  per  1,000  kilocalories 
of  metabolizable  energy  per  day,  for  the  three  age  groups. 
Individual  values  are  presented  in  Appendix  Table  57.   The 
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FIGURE  9.   RELATION  OF  FECAL  MAGNESIUM  TO  MAGNESIUM 
INTAKE  PER  KILOGRAM  BODY  WEIGHT  PER  DAY 


300' 


97 


;  Lambs  (Y=0 . 60X-97 . 81 ;  r=0.97) 

- 

I  Yearlings  (Y=0 . 69X-108 . 25 ;  r=0.98) 
250"  Adults  (Y=0.61X-94.91;  r=0.95) 


• — ^— ~  o 


>1 

Cn 

u 

o 

G 

(D 

200 

^   QJ 

>)   rH 

~  A 

a 

3  -h 

■H  H 

ifi   0 

(U  ,Q 
G   <0 

150 

tn-P 

(3   d) 

e  s 

>irH 

n  m 

Rj    O 

rt  ^ 

■H 
M  O 

100 

D  o 

o 

•a 

rH 

\ 

tr> 

e 

50- i 


L= 


i 


o/>-  i 


p 


100 


400 


200         300 
Magnesium  intake  (X) , 
mg/1/00  0  kcal  metabolizable  energy 


1 
500 


FIGURE  10. 


RELATION  OF  URINARY  MAGNESIUM  TO 
MAGNESIUM  INTAKE  PER  1,000  KILCCALORIES 
OF  METABOLIZABLE  ENERGY  INTAKE  PER  DAY 


93 


linear  regression  equations  for  the  three  ages  were:   lambs, 
Y  =  0.60X  -  97.81  (P  <  .01,  r  =  0.97) ;  yearlings,  Y  -  0.69X  - 
108.25  (P<.01,  r  -  0.98);  adult  sheep,  Y  =  0.61X  -  94.91 
(P <  .01,  r  =  0.95).   No  significant  differences  were  found 
between  the  slopes  of  the  three  regression  lines. 

The  relation  between  urinary  magnesium  and  magnesium 

0  75 
intake,  both  expressed  as  mg  per  kg  '    body  wexght  per  day, 

is  presented  in  Figure  11  and  individual  values  are  pre- 
sented in  Appendix  Table  58.   The  linear  regression  equations 
for  the  three  ages  were:   lambs,  Y  =  0.56X  -  9.65  (P <  .01, 
r  =  0.97);  yearlings,  Y  =  0.70X  -  12.63  (P <  .01,  r  =  0.98); 
adult  sheep,  Y  =  0.57X  -  9.63  (P <  .01,  r  =  0.95).   The  slope 
of  the  regression  line  for  yearlings  was  significantly  (P  < 
.05)  greater  than  the  slope  of  the  regression  line  for  lambs 
indicating  that  per  unit  of  dietary  magnesium  intake  year- 
lings excrete  a  greater  percentage  in  the  urine  than  do 

lambs  when  intake  and  excretion  values  are  expressed  per 

-  0.75  ,   ,     .  .  . 

Kg     body  weight  per  cay. 

The  relation  between  urinary  magnesium  and  magnesium 

intake,  both  expressed  as  mg  per  kg  body  weight  per  day,  is 

presented  in  Figure  12  and  individual  values  are  presented 

in  Appendix  Table  59.   The  linear  regression  equations  for 

the  three  ages  were:   lambs,  Y  =  0.77X  -  6.45  (P   .01,  r  = 

0.80);  yearlings,  f   =  0.70X  -4.84  (P  <  . 01 ,  r  =  0  .  97)  ;  adult 

sheep,  Y  ^  0.55X  -  3.43  (P  <.01,  r  =  0.95).   The  slope  of 

the  regression  line  for  yearlings  was  significantly  (P <  .05) 

greater  than  the  slope  of  the  regression  line  for  adult  sheep, 
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FIGURE  11.   RELATION  OF  URINARY  MAGNESIUM  TO  MAGNESIUM 
INTAKE  PER  KILOGRAM0,75  BODY  WEIGHT  PER  DAY 
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Figure  13  presents  total  magnesium  output  (fecal  plus 
urinary  magnesium)  plotted  against  magnesium  intake,  both 
expressed  in  mg  per  1,000  kilocalories  of  rnetabolizable 
energy  per  day,  for  the  three  age  groups.   Individual  values 
are  presented  in  Appendix  Table  60,   The  linear  regression 
equations  for  the  three  ages  were:   lambs,  Y  =  0.73X  +  70.49 
(P  <.01,  r  =  0.96);  yearlings,  Y=0.95X+  11.76  (P<.01, 
r  -  0.99);  adult  sheep,  Y  -  0.87X  +  22.94  (P<.01,  r  =  0.99). 
The  slope  of  the  regression  line  for  lambs  was  found  to  be 
significantly  (P  <.01)  less  than  the  slopes  of  the  regression 
lines  for  both  yearlings  and  adult  sheep. 

The  intercept  of  total  magnesium  output  on  the  ordinate 
corresponding  to  zero  intake  of  magnesium  is  much  lower  than 
the  same  intercept,  as  was  illustrated  in  Figure  7,  for  fecal 
magnesium  (lambs,  70.49  vs.  170.91  mg;  yearlings,  11.76  vs. 
122.25  mg;  adult  sheep,  22.94  vs.  118.44  mg ,  respectively). 
The  lower  intercept  values  on  the  ordinate  are  due  to  the 
effect  of  urinary  excretion  '(Figure  10)  on  this  combined 
relationship.   Urinary  excretion  of  magnesium  is  minimal  or 
zero  at  low  magnesium  intake  levels,  and  excretion  in  the 
urine  will  not  be  appreciable  until  magnesium  intake  reaches 
approximately  150  mg  per  1,000  kilocalories  of  rnetabolizable 
energy  intake  per  day. 

The  minimum  dietary  requirement  of  magnesium  for 
maintenance  can  be  estimated  by  establishing  the  theoretical 
value  of  intake  (X)  at  which  the  intake  and  output  (Y)  are 
equal.   Knowing  the  slope  and  the  intercept  of  the  regression 


102 


600-1 

!  Lambs  (Y=70 .48+0 .73X;  r=0.96) 

!  Yearlings  (Y=ll . 76+0 . 95X;  r=0.99) 
1 

500|  Adults  (Y-22.94+0.87X;  r-=0.99) 


A 


200        300 
Magnesium  intake  (X) , 
mg/1,00  0  kcal  metabolizable  energy 


500 


FIGURE  13.   RELATION  OF  MAGNESIUM  OUTPUT  (FECAL  PLUS 
URINARY)  TO  MAGNESIUM  INTAKE  PER  1,000 
KILOCALORIES  OF  METABOLIZABLE  ENERGY 
INTAKE  PER  DAY 
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lines  on  the  ordinate,  the  theoretical  minimum  requirement 
of  magnesium,  i.e.  the  value  ac  which  Y  and  X  are  equal,  is 
obtained  by  substituting  Y  for  X  in  the  linear  regression 
equation  (Y  =  bX  +  a)  as  follows: 

Y  =  bY  +  a    or    Y  =  7-  3 


1  -  b 

where  b  is  the  slope  and  a  is  the  ordinate  intercept. 
Solving  the  equation  for  each  age  group  of  sheep  gives  a 
value  for  the  minimum  dietary  requirement  to  replace 
endogenous  losses.   These  values  were  261.07,  235.20  and 
176.46  mg  of  magnesium  per  1,000  kilocalories  of  metabolizable 
energy  per  day  for  lambs,  yearlings  and  adult  sheep,  re- 
spectively. 

The  relation  between  total  magnesium  output  and 

0  75 
magnesium  intake,  both  expressed  as  mg  per  kg     body  weight 

per  day,  is  presented  in  Figure  14  and  individual  values  are 
presented  in  Appendix  Table  61.   The  linear  regression  equa- 
tions for  the  three  ages  were :   lambs,  Y  =  0.75X  +7.21  (P< 
.01,  r  =  0.98) ;  yearlings,  Y  =  0.95X  +  1.32  (P  <  .01,  r  -  0.99)  ; 
adult  sheep,  Y  -  0.87X  +  2.66  (P<.01,  r  =  0.99).   The  slope 
of  the  regression  line  for  lambs  was  found  to  be  significantly 
less  than  the  slope  for  yearlings  (P  <  .01)  and  adult  sheep 
(P  <.05).   Also  the  slope  of  the  regression  line  for  adult 
sheep  was  significantly  (P  <.05)  less  than  the  slope  of  the 
line  for  yearlings. 

The  minimum  dietary  requirement  for  maintenance  for 
each  age  group,  calculated  by  substituting  Y  for  X  in  each 
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FIGURE  14.   RELATION  OF  MAGNESIUM  OUTPUT  (FECAL  PLUS 
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of  the  linear  regression  equations,  was  28.84,  26.40  and 

0  75 
20.46  mg  of  magnesium  per  kg     body  weight  per  day  for 

lambs,  yearlings  and  adult  sheep,  respectively. 

This  same  relationship  between  total  magnesium  output 
and  magnesium  intake,  but  expressed  as  mg  per  kg  body  weight 
per  day,  is  shown  in  Figure  15  and  individual  data  are  pre- 
sented in  Appendix  Table  62.   The  resulting  linear  regression 
equations  for  the  three  ages  were:   lambs,  Y  =  0.75X  +  3.14 
(P  <  .01,  r  =  0.98)  ;  yearlings,  Y  -  0.94X  +0.63  (P <  .01,  r  - 
0.99);  adult  sheep,  Y  =  0.88X  +  0.81  (P  <.01,  r  =  0.99).   The 
slope  of  the  regression  line  for  lambs  was  significantly 
less  than  the  slope  for  yearlings  (P  <  .01)  and  adult  sheep 
(P  <  .05) .   The  slopes  of  the  regression  lines  for  yearlings 
and  adult  sheep  were  not  significantly  different. 

The  minimum  dietary  requirement  for  maintenance  for 
each  age  group,  calculated  by  substituting  Y  for  X  in  each 
of  the  linear  regression  equations,  was  12.56,  10.50  and 
6.75  mg  of  magnesium  per  kg  body  weight  per  day  for  lambs, 
yearlings  and  adult  sheep,  respectively. 

Figure  16  presents  urinary  excretion  of  magnesium  per 
hour  plotted  against  plasma  magnesium  in  mg  per  100  ml  of 
plasma  for  the  three  age  groups  of  sheep.   Individual  values 
are  presented  in  Appendix  Table  63.   The  linear  regression 
equations  for  the  three  ages  were:   lambs,  Y  =  9.6  2X  -  13.31 
(P  <  .01,  r  -  0.86)  ;  yearlings,  Y  =  16.93X  -  23.97  (F  <  .01, 
r  -  0.77);  adult  sheep,  Y  =  10.82X  -  13.13  (P <  .01,  r  =  0.83). 
There  were  no  significant  differences  between  the  slopes  of 
the  three  regression  lines. 
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The  points  at  which  the  regression  lines  intercept 
the  abscissa  is  defined  as  the  theoretical  magnesium 
threshold.   From  the  above  equations,  substituting  Y  =  0, 
gives  the  theoretical  concentrations  of  magnesium  in  plasma 
at  which  magnesium  ceases  to  be  excreted  in  the  urine,   The 
calculated  threshold  values  were  1.38,  1.4  2  and  1.21  mg  of 
magnesium  per  100  ml  of  plasma  for  lambs,  yearlings  and 
adult  sheep,  respectively. 

Discussion 

Magnesium  utilization  in  this  scudy,  as  measured  by 
apparent  absorption,  net  retention,  urinary  excretion  as 
percent  of  intake  and  plasma  concentration,  was  found 
similar  for  all  ages  of  sheep.   Similar  results  were  reported 
with  steers  ranging  in  age  from  10  to  88  months  (Garces  and 
Evans,  1971) . 

The  decreased  apparent  absorption  and  net  retention 
of  calcium  with  increased  age  observed  in  this  study  are  in 
agreement  with  evidence  presented  by  Hansard,  Comar  and 
Plumlee  (1954)  and  Hansard  and  Crowder  (1957) .   They  de- 
monstrated that  as  an  animal  grows  older  there  is  less 
efficient  utilization  of  ingested  calcium  due  to  both  de- 
creased retention  by  the  tissues  and  a  decrease  in  membrane 
permeability  for  calcium  absorption  from  the  gastrointestinal 
tract.   Decreased  apparent  absorption  of  calcium  with  in- 
creasing age  was  recently  demonstrated  in  steers  (Garces  and 
Evans,  1971).   With  increasing  age,  the  retention  of 
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phosphorus  decreased,  plasma  inorganic  phosphorus  decreased 
and  excretion  of  phosphorus  in  the  urine  increased.   These 
findings  agree  with  what  might  be  expected  when  comparing 
growing  animals  with  animals  having  mature  skeletal 
development. 

The  increase  in  apparent  absorption,  net  retention, 
excretion  in  the  urine  and  plasma  concentration  of  magnesium 
as  magnesium  intake  increased  is  similar  to  results  re- 
ported by  Chicco  (1966)  with  lambs  and  Clark  and  Belanger 
(1967)  with  rats.   Increased  dietary  magnesium  intake 
resulted  in  an  increase  in  calcium  excietion  in  the  urine 
and  decreased  net  retention  of  calcium  and  phosphorus.   A 
study  with  adult  rats  (Clark  and  Belanger,  1967)  receiving 
adequate  calcium  and  phosphorus  and  increasing  levels  of 
magnesium  resulted  in  increased  excretion  of  calcium  in  the 
urine  and  increased  net  retention  of  calcium  and  phosphorus. 
Hjerpe  (1968)  reported  increased  urinary  excretion  of 
calcium  and  a  decrease  in  urinary  phosphorus  in  mature 
wethers  as  their  magnesium  intakes  increased.   Chicco  (1966) 
found  increased  intake  of  dietary  magnesium  decreased  the 
urinary  excretion  of  calcium  in  lambs.   The  discrepancies 
that  exist  between  these  studies  may  be  due  partially  to  the 
variation  between  experiments  in  treatment  levels  of 
magnesium. 

For  optimal  feed  efficiency  most  of  the  nutrients 
quantitatively  considered  in  diet  formulation  should  remain 
in  balance  with  each  other.   The  need  for  maintaining 
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specified  protein-to-calorie  ratios  in  diets  for  optimum 
performance  has  long  been  recognized  and  there  is  increas- 
ing interest  in  considering  caloric  intake  as  the  fundamental 
basis  for  the  requirement  of  most  of  the  known  essential 
nutrients.   In  the  present  study  the  metabolizable  energy 
of  the  experimental  diet,  which  was  fed  at  a  calculated 
maintenance  level,  was  determined.   By  expressing  the 
magnesium  intake  and  excretion  per  1,000  kilocalories  of 
metabolizable  energy  intake  it  was  possible  to  calculate 
the  maintenance  requirement  of  magnesium  for  the  lambs, 
yearlings  and  adult  sheep  and  express  them  on  a  magnesium- 
to-calorie  basis.   The  values  were  found  to  be  261.07, 
235.20  and  176.46  rag  of  magnesium  per  1,000  kilocalories  of 
metabolizable  energy  intake,  respectively.   The  ratio  of 
magnesium  to  energy  intake  would  be  expected  to  decrease 
with  maturity  due  to  magnesium  being  a  nutrient  which  is 
stored  during  body  growth. 

Values  reported  in  the  literature  for  magnesium 
requirements  are  expressed  as  mg  needed  per  day  or  mg 
needed  per  kg  body  weight.   If  the  requirement  is  to  be 

expressed  on  a  body  weight  basis  a  more  desirable  expression 

0  7  5 
would  be  mg  per  kg     body  weight.   For  purpose  of  illustra- 
tion, the  calculated  maintenance  requirements  from  this  study 

0  75 
for  lambs  on  both  the  kg  and  kg     body  weight  basis  will  be 

compared.   These  values  were  12.56  and  2  3.84  mg  of  magnesium 

0  75 
intake  per  day  per  kg  body  weight  and  kg  '    body  weight, 

respectively.   By  calculating  on  each  basis  the  total 
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magnesium  intake  required  per  day  for  lambs  of  varying 
weights  the  difference  between  the  two  methods  of  expressing 
the  requirement  can  be  illustrated.   For  example,  a  20  kg 
lamb  (weight  kg0,75  =  9.46)  would  require  251.2  rag  of 
magnesium  per  day  on  the  kg  body  weight  basis  and  272.8  mg 
per  day  on  the  kg0,75  body  weight  basis.   A  40  kg  lamb 
(weight  kg0'75  =  15.91)  would  require  502.4  mg  of  magnesium 
per  day  on  the  kg  body  weight  basis  and  458.8  mg  per  day  on 
the  kg0,75  body  weight  basis.   It  can  be  observed  from 
these  values  that  the  lighter  weight  lamb  requires  a  greater 
amount  of  magnesium  per  day  when  expressed  per  kg     body 
weight  as  compared  to  expressing  its  magnesium  requirement 
per  day  on  the  kg  body  weight  basis. -  The  reverse  is  true 
for  the  heavier  lamb  with  the  magnesium  requirement  per  day 
now  being  greater  on  the  kg  body  weight  basis.   If  heavier 
body  weights  are  applied  to  these  same  values  the  require- 
ment per  day  on  the  kg  body  weight  basis  remains  the 
largest  with  the  difference  'between  the  two  quantities 

becoming  progressively  greater.   Therefore,  determining  the 

0  7  *5 

requirement  on  a  kg     body  weight  basis  results  in  a 

value  which  corrects  for  the  fact  that  as  an  animal  becomes 
larger  its  metabolic  size  becomes  proportionally  less.   This 
same  explanation  is  true  for  both  the  yearlings  and  adult 
sheep. 

As  previously  mentioned,  values  reported  in  the 
literature  for  magnesium  requirements  are  expressed  as  mg 
needed  per  day  or  as  mg  needed  per  kg  body  weight.   For 
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this  reason  the  remainder  of  this  discussion  will  be 
restricted  to  the  results  of  this  study  expressed  on  a  kg 
body  weight  basis.   The  values  for  metabolic  fecal  magnesium 
of  7.26,  5.43  and  4.25  mg  of  magnesium  per  kg  body  weight 
per  day  for  lambs,  yearlings  and  adult  sheep  obtained  in 
this  study  by  extrapolation  are  higher  than  most  reported 
values.   Estimates  of  3.5  and  1 . 5  mg  per  kg  body  weight 
per  day  were  found  for  calves  and  cows,  respectively 
(Simesen  et  al . ,  196  2) .   A  value  of  5  mg  per  kg  body  weight 
per  day  was  obtained  for  a  yearling  wether  using  tracer 
techniques  (MacDonald  and  Care,  1959),  and  this  value  is 
similar  to  the  value  obtained  for  yearlings  (5.4  8  mg)  in 
this  study.   Other  values  reported  are  2  to  4  mg  per  kg 
body  weight  per  day  for  young  calves  (Blaxter  and  Rook, 
1954)  and  2.3  3  mg  per  kg  body  weight  per  day  for  young 
lambs  (Chicco,  1966) . 

The  decreasing  values  with  increasing  age  for  the 
estimates  of  metabolic  fecal'  magnesium  in  this  study  may 
reflect  a  less  labile  reserve  of  magnesium  in  the  older 

animals  as  compared  to  the  lambs.   All  animals  received  the 

0  75 
same  amount  of  dietary  energy  per  kg  '    body  weight  regard- 
less of  age  or  dietary  magnesium  level.   However,  by 
examining  the  effect  of  decreasing  magnesium  intake  within 
each  age  level  (Figure  9)  the  lambs  were  apparently  able 
to  mobilize  magnesium  from  reserves  more  readily  than  the 
yearlings  or  adult  sheep' when  dietary  magnesium  intake 
became  suboptimal  resulting  in  higher  endogenous  fecal 
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magnesium  values  for  the  younger  animals.   This  is  supported 
by  the  work  of  Smith  and  Field  (1963)  when  they  reported 
that  after  18  days  on  a  magnesium-deficient  diet  the 
concentration  of  magnesium  in  the  femur  and  mandible  had 
decreased  9.5  and  13.4%,  respectively,  in  adult  rats  and 
28.2  and  33.3%  in  young  rats.   Similar  results  were  also 
reported  by  Martindale  and  Heaton  (196  4)  for  adult  and 
weanling  rats  fed  a  magnesium-deficient  diet. 

The  variation  in  fecal  loss  of  magnesium  among 
individual  animals  (Figure  9)  and  urinary  loss  (Figure  12) 
is  in  sharp  contrast  with  the  uniformity  of  the  data  for 
total  magnesium  output  (fecal  plus  urinary)  for  individual 
animals  when  plotted  against  intake  (Figure  15) .   This 
greater  uniformity  when  the  fecal  2nd  urinary  losses  were 
computed  together  resulted,  in  general,  from  a  lower  fecal 
loss  being  compensated  by  a  greater  urinary  excretion,  and 
vice  versa,  for  the  individual  animals.   This  may  indicate 
individuality  even  within  age  groups  with  reference  to 
their  ability  to  utilize  the  magnesium. 

The  calculated  requirements  of  magnesium  for  mainte- 
nance were  12.56,  10.50  and  6.75  mg  of  magnesium  per  kg  body 
weight  per  day  for  lambs,  yearlings  and  adult  sheep,  re- 
spectively.  This  greater  requirement  for  young  lambs  as 
compared  to  the  older  sheep  reflects  the  fact  that  the 
metabolic  activity  per  unit  body  weight  is  greater  in  young 
as  compared  to  older  animals  and  that  a  greater  quantity  per 
unit  of  body  weight  is  needed  in  the  young  animal  to  maintain 
normal  metabolism. 
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These  requirements  of  magnesium  for  maintenance  are 
specific  for  the  conditions  of  this  experiment  which  include 
the  animals  being  fed  a  diet  at  a  calculated  maintenance 
level  of  energy  intake  and  the  magnesium  intake  being 
supplied  by  both  the  semi-purified  diet  and  supplemental 
magnesium  provided  as  the  carbonate.   A  requirement  of 
magnesium  for  maintenance  was  determined  by  Chicco  (1966) 
when  he  fed  varying  levels  of  magnesium  oxide  in  a  purified 
diet  to  young  lambs.   He  reported  a  value  of  4.03  mg  per 
kg  body  weight  as  compared  to  the  value  in  this  study  of 
12.56  mg  per  kg  body  weight  for  lambs.   This  difference  may 
be  due  to  4  months  difference  in  the  ages  of  the  lambs  and 
the  relative  availability  of  magnesium  from  the  different 
sources. 

The  calculated  magnesium  threshold  values  in  this 
study  were  1.38,  1.42  and  1.21  mg  of  magnesium  per  100  ml 
of  plasma  for  lambs,  yearlings  and  adult  sheep,  respectively. 
These  values  are  lower  than  most  reported  values.   L' Estrange 
and  Axford  (196  4)  reported  values  of  1.37  and  1.90  mg  per 
100  ml  of  plasma  in  two  lactating  ewes  by  progressively 
decreasing  their  magnesium  intake  by  increments  of  40  mg 
daily.   In  a  balance  study  with  lambs  Chicco  (1966)  reported 
renal  threshold  values  of  between  1.5  and  1.6  mg  per  100  ml 
of  plasma. 


CHAPTER  VII 


GENERAL  SUMMARY 


Experiments  were  conducted  with  steers  and  sheep  to 
gain  information  on  certain  nutritional  aspects  of  non- 
protein nitrogen,  phosphorus  and  magnesium.   The  aspects 
studied  involved  the  influence  of  source  of  non-protein 
nitrogen  on  feed  intake,  animal  performance  and  certain 
ruminal  and  blood  compositional  changes,  the  evaluation  of 
phosphorus  in  two  inorganic  phosphate  sources,  and  the 
influence  of  age  and  dietary  magnesium  level  on  magnesium 
utilization.   A  summary  of  the  results  of  these  studies 
is  presented  in  the  following  statements. 


Influence  of  Non-protein  Nitrogen  Source  on  Feed 
intake,  Animal  Performance  and  Blood  Urea-N 


Diets  containing  1.5%  di ammonium  phosphate  reduced 
(P  <.05)  voluntary  feed  consumption  in  two  of  four 
voluntary  feed-intake  experiments  conducted  with  steers. 
A  diet  containing  2.3%  monoammonium  phosphate  was  consumed 
significantly  less  (P <   .05)  in  one  of  the  experiments. 
Diets  containing  the  two  levels  of  monoammonium  phosphate 
used  (0.75  and  2.3%)  resulted  in  lower  average  daily  gains 
than  diets  containing  1.5%  diammonium  phosphate  or  supple- 
mental nitrogen  as  soybean  meal.   However,  the  large 
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variations  in  average  daily  gains  within  treatments 
limit   the  meaningfulness  of  gain  data  from  short  feeding 
periods.   At  the  end  of  each  experimental  period,  steers 
were  fasted  12  hours  followed  by  2  hours  ad  libitum  con- 
sumption of  their  respective  treatment  diets.   The  increase 
in  blood  urea-N,  following  the  2-hour  feeding  period,  was 
greater  for  treatments  containing  isonitrogenous  levels  of 
non-protein  nitrogen  (1.5%  di ammonium  phosphate  and  2.3% 
monoammonium  phosphate)  except  in  one  experiment  where  0.75% 
monoammonium  phosphate  resulted  in  the  greatest  blood 
urea-N  increase. 

Eff ect  of  Nitrogen  Sour c e__o n_  Certai n  Blood 
and  Ruminal  Fluid  Constituents 

Two  experiments  were  conducted  with  fistulated  sheep 
to  examine  the  effects  of  natural  protein  and  non-protein 
nitrogen  sources  upon  rumen  ammonia-N,  pH  and  blood  urea-N. 
All  nitrogen  sources  were  administered  intraruminally  as 
10  gm  of  nitrogen  per  45.4  kg  body  weight.   Results  of  the 
first  experiment  suggested  that  pH  of  the  rumen  contents  was 
a  controlling  factor  in  the  rate  of  ammonia  absorption.   The 
urea  treatment  resulted  in  the  greatest  increase  in  rumen  pH, 
the  least  increase  in  rumen  ammonia~N  concentration  and  the 
greatest  increase  in  blood  urea-N.   Converse  responses 
resulted  with  monoammonium  phosphate  and  diamracnium  phosphate 
was  intermediate  in  effect.   Treatments  in  the  second  ex- 
periment consisted  of  urea,  urea  plus  phosphoric  acid, 
monoammonium  phosphate  and  inorioairuaoninm  phosphate  plus 
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sodium  carbonate.   Effects  of  alkali  and  acid  on  rumen  pH 
were  of  short  duration.   Blood  urea-N  values  for  the  urea 
and  urea  plus  phosphoric  acid  treatments  were  similar 
throughout  the  sampling  period  and  values  for  the  treatments 
monoammonium  phosphate  and  monoammonium  phosphate  plus 
sodium  carbonate  were  similar. 


Relative  Availability  of  Phosphorus  in  Two 
Inorganic  Phosphorus  Sources 


In  a  9-week  growth  and  slaughter  trial  with  ewe  lambs, 
the  phosphorus  in  monoammonium  phosphate  v/as  as  well  utilized 
as  that  from  monosodium  phosphate.   The  criteria  were  weight 
gain,  feed  intake  and  feed  efficiency,  plasma  inorganic 
phosphorus  and  various  bone  measurements .   The  basal  diet 
contained  0.11%  phosphorus  and  the  supplemented  diets,  0.15 
and  0.19%  phosphorus. 


Influence  of  Age  and  Dietary  Magnesium  Level 
on  Magnesium  Utilization 


A   balance  trial  was  conducted  with  sheep  of  three 
ages  (lambs,  yearlings  and  adults)  receiving  three  dietary 
levels  of  magnesium  and  a  computed  maintenance  level  of 
energy  intake.   With  increasing  age,  the  retention  of  calcium 
and  phosphorus  decreased,  apparent  absorption  of  calcium 
decreased,  plasma  inorganic  phosphorus  decreased  and  ex- 
cretion of  calcium  in  urine  increased.   These  results 
indicated  a  decreased  need  with  age  for  nutrients  such  as 
calcium  and  phosphorus'.   There  was  no  effect  of  age  on 


118 

magnesium  utilization  as  measured  by  any  of  the  above- 
mentioned  criteria.   With  inc     Lng  intakes  of  dietary 
magnesium  there  was  a  decreased  retention  of  calcium  and 
phosphorus,  increased  excretion  of  phosphorus  in  urine, 
and  increased  apparent  absorption,  retention,  urinary 
excretion  and  plasma  levels  of  magnesium. 

By  use  of  regression  analysis  (fecal  magnesium  on 
magnesium  intake)  the  theoretical  values  for  metabolic 
fecal  magnesium  were  calculated  for  lambs,  yearlings  and 
adults  to  be:   170.9.1,  122.25  and  118.44  mg  per  1,000  kilo- 
calories  of  metabolizable  energy  (ME)  intake  per  day, 

0  75 
respectively;  16.87,  13.95  and  12.30  mg  per  kg  '    body 

weight  per  day,  respectively;  and  7.26,  5.48  and  4.25  mg 

per  kg  body  weight  per  day,  respectively.   The  slopes  of 

the  regression  lines  did  not  differ  between  age  groups 

regardless  of  the  basis  for  expressing  the  estimated 

metabolic  fecal  magnesium.   From  the  regression  equations 

of  fecal  plus  urinary  magnesium  on  magnesium  intake  for 

each  age  group  the  calculated  minimum  dietary  requirements 

to  replace  endogenous  losses  for  lambs,  yearlings  and  adults 

were:   261.07,  235.20  and  176.46  mg  per  1,000  kilocalories 

of  ME  intake  per  day,  respectively;  23.84,  2C.40  and  2  0.46 

mg  per  kg'"  *  '   body  weight  per  day,  respectively;  and  12.56, 

10.50  and  6.75  mg  per  kg  body  weight  per  day,  respectively. 

These  values  would  be  specific  for  the  semi-purified  diet 

fed  with  supplemental  magnesium  provided  as  the  carbonate. 

The  slope  of  the  regression  line  for  lambs  differed 
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significantly  from  those  for  yearlings  and  adult  sheep 
regardless  of  the  basis  for  expressing  the  estimated 
dietary  requirements  to  replace  endogenous  losses.   The 
regressions  of  urinary  magnesium  on  plasma  magnesium  gave 
renal  threshold  values  for  lambs,  yearlings  and  adults  to 
be:   1.38,  1.42  and  1.21  mg  per  100  ml  of  plasma, 
respectively. 

The  estimates  for  metabolic  fecal  magnesium  and 
dietary  magnesium  requirements  for  the  different  ages  suggest 
that  a  more  labile  magnesium  reserve  exists  in  the  lamb  and 
that  its  metabolic  activity  is  greater  per  unit  of  body 
weight. 


APPENDIX 
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TABLE  26.   INDIVIDUAL  DATA  ON  EFFECT  OF  NITROGEN  ON  FEED 
CONSUMPTION  AND  AVERAGE  WEIGHT  GAIN 


Daily  Feed 
Treatment Perioda Intake,  kg Daily  Gain,  kg 

1  14.9  1.48 

Soybean            2  15.9  0.80 

meal               3  14.4  0.74 

(A)  4  12.4  0.85 

1  15.0  1.82 

DAP                 2  13.5  2.84 

(B)  3  8.9  -0.77 

4  10.8  -0.06 

1  14.3  -0.06 

Urea              2  13.4  0.68 

(C)  3  13.1'  -0.34 

4  15.2  0.34 

DAP                1  11.6  0.63 

+                 2  15.0  0.45 

Urea               3  10.0  -0.85 

(°)                4  13.5  1.14 


*3 

Each  value  the  average  of  2  animals  per  pen. 
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TABLE  36.   INDIVIDUAL  DATA  ON  DAILY  GAIN,  FEED  INTAKE  AND 
FEED  EFFICIENCY  OF  LAMBS  FED  DIFFERENT  SOURCES  AND 
LEVELS  OF  PHOSPHORUS  DURING  A  9 -WEEK  GROWTH  TRIAL 


Phosphorus , 

Feed 

Source  and 

Lamb 

Weight 

Daily  Feed 

Per  Unit 

Level 

No. 
73 

Gain,  kg 

Intake,  kg 

Gain,  kg 

Basal 

0.00 

0.61 

_ 

0.11%  P 

86 

1.36 

0.52 

24.27 

72 

2.27 

0.60 

16.65 

79 

5.23 

0.73 

8.83 

Mo  no  ammo  n  i  um 

74 

2.73 

0.54 

12.44 

Phosphate 

82 

4.32 

0.83 

12.17 

0.15% 

76 

5.91 

0.85 

9.14 

75 

2.73 

0.69 

16.05 

Monoammonium 

87 

7.05 

0.84 

7.54 

Phosphate 

90 

4.32 

0.74 

10.86 

0.19%  P 

73 

7.50 

0.92 

7.74 

88 

5.68 

0.70 

7.75 

Mono sodium 

6 

0.68 

0.51 

47.16 

Phosphate 

89 

0.00 

0.59 

— 

0.15%  P 

85 

3.86 

0.77 

12.62 

77 

5.00 

0.75 

9.47 

Monosodium 

83 

4.32 

0.73 

10.69 

Phosphate 

93 

5.91 

0.76 

3.06 

0.19%  P 
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TABLE  37 


INDIVIDUAL  DATA  ON  PHOSPHORUS  LEVEL  IN  PLASMA  OF 


LAI-IBS  FED  DIFFERENT  SOURCES  AND  LEVELS  OF  PHOSPHORUS 
DURING  A  9 -WEEK  GROWTH  TRIALa 


Phosphorus, 
Source  and 

Lamb 
No. 

Weeks  on  trial 

Percent 

0 

3          6 

9 

Basal 

78 

4.75 

4.23 

5.50 

6.71 

0.11% 

86 

3.05 

3.86 

5.52 

4.21 

72 

3.90 

4.57 

4.85 

3.25 

79 

2.70 

3.71 

4.12 

4.01 

Mo  no ammonium 

74 

1.45 

3.35 

4.00 

3.94 

Phosphate 

82 

4.05 

4.59 

6.22 

4.31 

0.15%  P 

76 

3.40 

6.02 

7.54 

5.71 

75 

3.90 

5.66 

5.95 

5.59 

Mo  no  amnion  ium 

87 

2.85 

5.11 

7.26 

4.96. 

Phosphate 

90 

3.95 

4.46 

6.00 

5.69 

0.19%  P 

73 

4.15 

4.01 

6.30 

5.11 

38 

3.30 

6.05 

5.92 

5.00 

Mono sod ium 

6 

2.75 

5.26 

7.55 

5.68 

Phosphate 

89 

3.10 

5.59 

5.26 

6.05 

0.15%  P 

85 

3.45 

6.15 

5.33 

5.68 

77 

4.20 

5.03 

5.63 

4.47 

Mono sod ium 

83 

3.35 

4.35 

6.82 

4.40 

Phosphate 

93 

4.75 

7.23 

6.90 

5.20 

0.19%  P 

Phosphorus  concentration  expressed  as  mg/100  ml  of  plasma. 

Each  value  under  weeks  3,  6,  and  9  is  the  average  of  three 
weekly  sampling  periods. 
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TABLE  38.   INDIVIDUAL  DATA  ON  CALCIUM  LEVEL  IN  PLASMA  OF 
LAMBS  FED  DIFFERENT  SOURCES  AND  LEVELS  OF  PHOSPHORUS 
DURING  A  9 -WEEK  GROWTH  TRIAL3 


Phosphorus , 

,  .  ,b 
trial 

Source  and 

Lamb 

No. 

Weeks  on 

Percent 

0 

3 

6 

9 

Basal 

78 

8.90 

10.29 

11.13 

9.21 

0.1.1% 

86 

9.63 

10.93 

11.16 

9.97 

72 

9.55 

10.94 

10.88 

10.27 

79 

10.05 

11.82 

11.90 

10.24 

Monoammoniurn 

74 

11.27 

13.01 

10.75 

9.79 

Phosphate 

82 

10.30 

9.95 

10.91 

9.72 

0.15%  P 

76 

9.72 

10.39 

10.98 

9.44 

75 

9.90 

10.07 

10.15 

9.28 

Monoammoniurn 

87 

10.67 

9.95 

10,42 

9.74 

Phosphate 

90 

10.88 

9.23 

10.40 

9.30 

0.19%  P 

73 

9.63 

10.13 

10.11 

9.24 

88 

10.35 

11.17 

9.75 

9.30 

Monosodium 

6 

11.12 

10.60 

10.64 

9.92 

Phosphate 

89 

10.37 

9.42 

9.69 

9.19 

0.15%  P 

85 

10.82 

11.79 

10.82 

9.56 

77 

11.85 

10.41 

7.86 

9.32 

Monosodium 

83 

11.57  ' 

11.73 

10.71 

9.63 

Phosphate 

93 

10.45 

11.35 

10.60 

9.55 

0.19%  P 

Calcium  concentration  expressed  as  mg/100  ml  of  plasma. 

Each  value  under  weeks  3,  6,  and  9  is  the  average  of 
three  weekly  sampling  periods. 
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TABLE  39.   INDIVIDUAL 

DATA  ON 

MAGNESIUM 

LEVEL  IN  PLASMA  OF 

LAMBS  FED 

DIFFERENT  SOURCES 

AND  LEVELS  OF  PHOSPHORUS 

DURING  A 

9 -WEEK  GROWTH  TRIAL 

Phosphorus , 

H 

Source  and 

Lamb 
No. 

Weeks 

on  trial" 

Percent 

0 

3 

6 

9 

Basal 

78 

1.84 

1.97 

2.15 

2.04 

0.11% 

86 

2.08 

2.20 

2.41 

2.23 

72 

2.04 

2.33 

2.60 

2.56 

79 

1.86 

2.05  . 

2.48 

2.26 

Mono  ammo  n i urn 

74 

1.69 

2.18 

2.33 

2.14 

Phosphate 

82 

1.56 

2.00 

2.12 

2.05 

0.15%  P 

76 

1.85 

2.18 

2.41 

2.20 

75 

1.61 

1.95 

2.03 

2.07 

Mo no ammonium 

87 

1.73 

2.13 

2.36 

2.23 

Phosphate 

90 

2.17 

1.75 

2.33 

2.07 

0.19%  P 

73 

1.57 

2.16 

2.33 

2.10 

88 

1.69 

2.17 

2.04 

2.11 

Monosodium 

6 

1.66 

2.01 

2.17 

1.99 

Phosphate 

39 

1.37 

1.82 

1.82 

1.97 

0.15%  P 

85 

2.15 

2.60 

2.44 

2.15 

77 

1.99 

1.89 

2.15 

1.98 

Monosodium 

83 

2.43 

2.60 

2.71 

2.40 

Phosphate 

93 

1.72 

2.35 

2.26 

2.09 

0.19%  P 

Magnesium  c 

oncentration  expressed  as  mg/1 

00  ml  of 

plasma. 

Each  value 

under  wee 

ks  3 ,  6 , 

and  9  is 

the 

average 

of  three 

weekly  sampling  periods. 
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TABLE  42.   INDIVIDUAL  DATA  ON  EFFECT  OF  MAGNESIUM  INTAKE 
BY  LAMBS  ON  PERCENT  APPARENT  ABSORPTION  OF  MAGNESIUM, 
CALCIUM  AND  PHOSPHORUS 


Magnesium 

Sheep 

1  ■■"  '            —  —  —  I.. 

Intake , 

mg 

No. 

Magnesium 

Calcium 

Phosphorus 

20.00 

019 

-8.04 

37.73 

34.39 

20.00 

031 

-7.69 

17.19 

53.34 

18.94 

107 

-6.81 

16.55 

41.01 

32.50 

020 

35.38 

23.02 

16.40 

32.50 

029 

27.78 

-2.93 

-2.27 

32.50 

079 

28.77 

19.30 

42.98 

32.50 

090 

28.61 

10.20 

48.40 

47.50 

20 

45.33 

4.50 

-3.94 

45.47 

038 

40.82 

.   12.02 

54.45 

47.50 

065 

41.40 

-23.13 

-9.11 

47.50 

105 

47.59 

-1.47 

8.18 

Magnesium  intake  per  kg 


0.75 


body  weight  per  day. 
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TABLE  43    INDIVIDUAL  DATA  ON  EFFECT  OF  MAGNESIUM  INTAKE 
BY  YEARLINGS  ON  PERCENT  APPARENT  ABSORPTION  OF  MAGNESIUM, 

CALCIUM  AND  PHOSPHORUS 


Magnesium 

Sheep 

Intak 

e, 

a 

mg 

No. 
90 

Magnesium 

Calci 

.urn 
83 

Phosph 
13. 

icrus 

19. 

01 

2. 

27 

-0. 

26 

20. 

00 

092 

-2. 

79 

22. 

,06 

16. 

80 

20. 

00 

165 

11. 

,30 

-3, 

,00 

22. 

38 

32. 

so 

084 

31. 

,39 

-3, 

.01 

18. 

,45 

32, 

,50 

10  0 

27. 

,25 

-1 

.70 

-2. 

,16 

32, 

,so 

127 

40, 

.35 

2 

.01 

27, 

,86 

32, 

.50 

200 

32, 

.57 

-15 

.46 

-5, 

,37 

47 

.SO 

64 

42 

.75 

-9 

.40 

31, 

.84 

47, 

.50 

122 

42 

.37 

15 

.69 

-6, 

.95 

47 

.50 

195 

50 

.94 

2 

.17 

15 

.54 

47 

.50 

196 

46 

.49 

0 

.85 

-15 

.66 

aMagnesiurn 

intake  per 

i  o 
Kg 

.75 

body 

weight  ; 

per 

day. 
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TABLE  44.   INDIVIDUAL  DATA  ON  EFFECT  OF  MAGNESIUM  INTAKE 
BY  ADULTS  ON  PERCENT  APPARENT  ABSORPTION  OF  MAGNESIUM, 
CALCIUM  AND  PHOSPHORUS 


Magnesium 

Sheep 

Intake,  mg 

No. 

Magnesium 

Calcium 

Phosphorus 

20.00 

085 

4.50 

18.44 

4.11 

20.00 

106 

7.25 

-8.87 

61.99 

17.43 

174 

-0.97 

-21.04 

1.33 

20.00 

194 

8.25 

-6.12 

40.94 

32.50 

97 

24.35 

-10.57 

32.68 

32.50 

99 

39.73 

3.94 

36.22 

32.50 

138 

36.12 

-3.40 

47.05 

32.50 

197 

33.68 

1.08 

7.52 

44.11 

18 

48.84 

-8.34 

42.42 

4  7.50 

082 

33.23 

-4.42 

20.74 

47.50 

88 

51.39 

9.16 

20.74 

47.50 

198 

40.70 

2.62 

28.19 

Magnesium  intake  per  kg  "    body  weight  per  day. 
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TABLE  45.   INDIVIDUAL  DATA  ON  EFFECT  OF  MAGNESIUM  INTAKE 
BY  LAMBS  ON  PERCENT  NET  RETENTION  OF  MAGNESIUM, 
CALCIUM  AND  PHOSPHORUS 


Magnesium 

Sheep 

Intake,  mg 

No. 

Magnesium 

Calcium 

Phosphorus 

20.00 

019 

-12.84 

30.70 

28.11 

20.00 

031 

-15.49 

14.57 

6.48 

18.94 

107 

-20.32 

8.06 

16.38 

32.50 

020 

10.50 

20.17 

7.43 

32.50 

029 

6.42 

-8.88 

-9.39 

32.50 

079 

1.17 

-11.04 

42.47 

32.50 

090 

5.68 

5.02 

6.39 

47.50 

20 

5.76 

-10.09 

-6.74 

45.47 

038 

12.75 

2.76 

28.06 

47.50 

065 

1.56 

-32.29 

-14.61 

47.50 

105 

13.60 

-10.09 

-8.29 

aMagnesium  intake  per  kg  "    body  weight  per  day. 
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TABLE  46.   INDIVIDUAL  DATA  ON  EFFECT  OF  MAGNESIUM  INTAKE 
BY  YEARLINGS  ON  PERCENT  NET  RETENTION  OF  MAGNESIUM, 


CALCIUM  AND  PHOSPHORUS 


Magnesium     Sheep 

Intake,  mg     No. Magnesium Calcium Phosphorus 


19.01 

90 

-2.20 

-6.90 

10.00 

20.00 

092 

-11.94 

19.13 

2.68 

20.00 

155 

-1.19 

-9.09 

-0.63 

32.50 

084 

2.47 

-21.69 

-8.86 

32.50 

100 

4.29 

-23.20 

-17.33 

32.50 

127 

8.15 

-4.33 

6.19 

32.50 

200 

1.35 

-36.58 

-14.87 

47.50 

64 

0.12 

-25.33 

-21.78 

47.50 

122 

2.78 

-10.80 

-7.57 

47.50 

195 

0.54 

-12.96 

-9.94 

47.50 

196 

3.25 

-11.03 

-16.80 

Magnesium 

intake  per 

kg     body 

weight  per  day. 
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TABLE  47.   INDIVIDUAL  DATA  ON  EFFECT  OF  MAGNESIUM  INTAKE 
BY  ADULTS  ON  PERCENT  NET  RETENTION  OF  MAGNESIUM, 
CALCIUM  AND  PHOSPHORUS 


Magnesium 
Intake ,  mg 

Sheep 

No. 

Magnesium 

Calcium 

Phosphorus 

20.00 

085 

-0.64 

5.63 

3.39 

20.00 

106 

-2.99 

-16.04 

-4.01 

17.43 

174 

-4.18 

-25.10 

-13.68 

20.00 

194 

4.34 

-7.63 

-5.96 

32.50 

97 

1.88 

-24.55 

-11.85 

32.50 

99 

13.37 

-5.95 

-1.13 

32.50 

138 

6.76 

-16.76 

-6.70 

32.50 

197 

0.89 

-15.44 

-25.46 

44.11 

18 

6.95 

-20.71 

-7.63 

47.50 

082 

5.04 

-15.46 

-6.32 

47.50 

88 

7.66 

-6.68 

-2.48 

47.50 

198 

10.2  4 

-12.18 

-14.36 

Magnesium  intake  per  kg  ''°   body  weight  per  day. 
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TABLE  48.   INDIVIDUAL  DATA  ON  EFFECT  OF  MAGNESIUM  INTAKE 
BY  LAMBS  ON  URINARY  EXCRETION  OF  MAGNESIUM, 
CALCIUM  AND  PHOSPHORUS,  %  OF  INTAKE 


Magnesium 

Sheep 

Intake , 

mg 

No. 
019 

Magnesium 

Calcium 

Phosphorus 

20.00 

4.79 

7.02 

6.38 

20.00 

03.1 

7.79 

2.69 

46.85 

18.94 

107 

13.51 

8.48 

24.63 

32.50 

020 

24.86 

2.85 

8.97 

32.50 

.   029 

21.34 

5.95 

7.12 

32.50 

079 

27.58 

30.34 

0.51 

32.50 

090 

22.92 

5.17 

42.00 

47.50 

20 

39.55 

14.51 

2.80 

45.47 

033 

28.06 

9.22 

26.39 

47.50 

065 

39.83 

9.16 

5.49 

47.50 

105 

33.98 

8.61 

16.58 

Magnesium 

intake  per 

kg0,75  body 

weight  per 

day. 
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TABLE  49.   INDIVIDUAL  DATA  ON  EFFECT  OF  MAGNESIUM  INTAKE 
BY  YEARLINGS  ON  URINARY  EXCRETION  OF  MAGNESIUM, 
CALCIUM  AND  PHOSPHORUS,  %  OF  INTAKE 


Magnesium 

Sheep 

Intake ,  mg 

No. 

Magnesium 

Calcium 

Phosphorus 

19.01 

90 

4.47 

6.07 

3.26 

20.00 

092 

9.14 

2.93 

14.12 

20.00 

165 

12.49 

6.09 

23.02 

32.50 

084 

28.91 

18.68 

27.31 

32.50 

100 

22.95 

21.50 

15.27 

32.50 

127 

32.19 

6.34 

21.56 

32.50 

200 

31.20 

21.11 

9.50 

47.50 

64 

42.61 

15.92 

53.73 

47.50 

122 

39.57 

.  25.57 

0.72 

47.50 

195 

51.48 

15.13 

25.49 

47.50 

196 

43.23 

11.88 

1.14 

aMagnesium  intake  per  kg  '  b  body  weight  per  day. 
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TABLE  50.   INDIVIDUAL  DATA  ON  EFFECT  OF  MAGNESIUM  INTAKE 
BY  ADULTS  ON  URINARY  EXCRETION  OF  MAGNESIUM, 
CALCIUM  AND  PHOSPHORUS,  %  OF  INTAKE 


Magne 

sium 

Sheep 



Intak 

a 

:e ,  mg 

No. 

Magnesium 

Calc 
12. 

:ium 

Phosphorus 

20. 

00 

085 

5. 

14 

80 

0. 

72 

20. 

00 

106 

10. 

24 

7. 

17 

66. 

01 

17. 

43 

174 

3. 

,21 

4. 

,05 

15. 

01 

20. 

00 

194 

3. 

89 

1. 

,58 

46. 

,91 

32. 

,50 

97 

22, 

,45 

13. 

,97 

44, 

,53 

32. 

,50 

99 

26, 

,35 

9, 

.89 

37. 

,35 

32, 

,50 

138 

29, 

.34 

13, 

.44 

53, 

,76 

32, 

,50 

197 

32 

.77 

16 

.52 

32. 

.98 

44, 

,11 

18 

41 

.87 

'  12 

.37 

50 

.05 

47, 

.50 

082 

28 

.17 

11 

.03 

27 

.07 

47 

.50 

88 

43 

.71 

15 

.92 

23 

.23 

47 

.50 

198 

30 

.45 

14 

.80 

42 

.55 

aMagnesium  Intake  per  kg0,75  body  weight  per  day, 
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TABLE  51.   INDIVIDUAL  DATA  ON  EFFECT  OF  MAGNESIUM  INTAKE 
BY  LAMBS  ON  PLASMA  LEVELS  OF  MAGNESIUM, 
CALCIUM  AND  PHOSPHORUS  (MG/100  ML) 


Magnesium 

Sheep 

Intake ,  mg 

No. 
019 

Magnesium 

Calcium 

Phosphorus 

20.00 

1.35 

8.61 

6,33 

20.00 

031 

1.60 

8.18 

9.05 

18.94 

107 

1.46 

9.06 

6.17 

32.50 

020 

1.86 

8.19 

7.35 

32.50 

029 

2.10 

8.70 

6.82 

32.50 

079 

1.96 

9.40 

4.87 

32.50 

090 

1.83 

7.71 

8.57 

47.50 

20 

2.20 

9.21 

5.73 

45.47 

038 

2.18 

9.47 

7.67 

47.50 

065 

2.20 

9.14 

6.83 

47.50 

105 

2.05 

9.09 

6.42 
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TABLE  52.   INDIVIDUAL  DATA  ON  EFFECT  OF  MAGNESIUM  INTAKE 
BY  YEARLINGS  ON  PLASMA  LEVELS  OF  MAGNESIUM, 
CALCIUM  AND  PHOSPHORUS  (MG/100  ML) 


Magnesium 

Sheep 

Intake ,  mg 

No. 

Magnesium 

Calcium 

Phosphorus 

19.01 

90 

1.57 

8.94 

5.66 

20.00 

092 

1.47 

8.87 

6.78 

20.00 

165 

1.53 

8.82 

4.73 

32.50 

084 

1.92 

9.01 

5.43 

32.50 

•   100 

2.13 

9.06 

5.38 

32.50 

127 

1.72 

7.61 

7.88 

32.50 

200 

2.01 

9.28 

4.95 

47.50 

64 

2.30 

8.73 

5.34 

47.50 

122 

2.09 

8.97 

4.78 

47.50 

195 

2.06 

9.07 

5.63  . 

47.50 

196 

2.18 

8.87 

6.08 

aMagnesium  intake  per  kg  "    body  weigh b  per  day. 
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TABLE  53.   INDIVIDUAL  DATA  ON  EFFECT  OF  MAGNESIUM  INTAKE 
BY  ADULTS  ON  PLASMA  LEVELS  OF  MAGNESIUM, 
CALCIUM  AND  PHOSPHORUS  (MG/10  0  ML) 


Magnesium 

Sheep 

Intake ,  mg 
20.00 

No. 
085 

Magnesium 
1.40 

Calcium 

Phosphorus 

8.79 

4.13 

20.00 

106 

1.74 

7.95 

4.81 

17.43 

174 

1.15 

8.66 

4.32 

20.00 

194 

1.16 

8.04 

4.66 

32.50 

97 

2.02 

8.73 

4.88 

32.50 

99 

1.90 

8.08 

4.93 

32.50 

138 

2.11 

8.29 

7.54 

32.50 

197 

1.79 

8.46 

4.39 

44.11 

18 

2.28 

8.66 

5.87 

47.50 

082 

2.32 

8.83 

6.87 

47.50 

88 

2.20 

8.66 

5.57 

47.50 

198 

2.09 

8.54 

5.93 

aMagnesium  intake  per  kg0'75  body  weight  per  day. 


149 


w 

< 

H 

S25 

H 

g 

.3 

>H 

1  1 

< 

CO 

P 

fa 

la 

« 

o 

w 

S3 

ft 

'" 

w 

o 

« 

Eh  < 

Pi 

g 

a 

D 

H 

H 

CO 

>H 

W 

CD 

^ 

c< 

» 

H 

§ 

>J 

w 

<  i-l 

CJ 

w 

fa  <C 

fa 

n 

H 

fa 

i-l 

o 

o 

CQ 

S  ri 

O 

H 

H 

W 

&  5 

< 

i-l 

fa 

W  O 

2 

ro 

a 

W 

c: 

H 

cc; 

<  c 

H 

H 

KJ! 

a 

Q 

U 

CD 

■h" 

1-1 

< 

H 

P  N 

Q 

H 

o 

> 

o 

H 

o 

Q 

^ 

a 

H 

H 

« 

M 

• 

Pi. 

^r 

in 

w 

J 

mg   Mg 
Feces 

n  H  iN  Ol 

rjNin  > 

OlTiUrl 

CO  H  H  "* 
o  i  -i  r~  ;n 

co  r~  ro  CO 
r>  vd  CC  "fl" 
.— i  H  H '.— i 

co  vx>  m  tn 

H  ID  W  CO 
CN   H   H   rH 

r^  M  o  o 

r-l  CN  CN  CN 

m 

o  r^  en  rH 

CO  «3"  rf  KD 

Cn  cn  CO  rH 

tT'X 

in  rH  co  m 

CN  CN  CN  <* 

O  CO  CTi  CO 

S  rtf 

-P 

HOHiN 

CI  ^  Cn  C?i 

in  CO  CN  CN 

n.  c 

CO  CO  CO  IX) 

CO  r-  LD  t~- 

CO  O  r-H   VTJ 

e  h 

rH  rH  r-l  M 

(N  CM  CN  CN 

CO  <tf  ST  CO 

04 
CD        • 

CD    0 


tn 

•H 
H 
5H 

rd 

CD 
>H 


CD 

«*  co  co 

Ln^ 

in    rH    CO 

£    rd 

•     •     • 

-P 

■^r  cn  co 

ryi  C 

r-  r»  r- 

e  h 

rH    rH   rH 

ft 

<D     • 
CD    0 

CO 


CD 

g    rrj 

-P 

o>  c 

2  H 


o 

CD   0 


in  ^q  •<?  ** 
co  o  r*^  cn 

O   rH   rH   rH 


IJD  CN   CO 

rr>  en 

in  rH  CN 

g    CD 

»            •            • 

0 

o  r-  oo 

C7>  G) 

r-»  r*  m 

g  fa 

HHH 

o  cn  tn 
cn  cn  <£> 

O   rH 


rH>H 

tr>  cn 

CN    O    rH 

S    CD 

•        •        • 

o 

p»  co  cn 

rp  (U 

O  rH  CO 

g  fa 

CN  CN  r-H 

co  i— !  in 

•  *  • 

H  CN  O 

cri  o  r~ 

H  IN  — i 


cn  .-h  r* 

HfOO 
O   O    rH 


r--  cn  co  r> 

cn  CTl  CO  cn 


vy  m  co  t 
cr.  m  in  m 


CTl  rH  o  ^r 
CO  rH  \o  cn 

r-^    CN   r-\   H 


CTi  CO  0-1  V£> 
O  <D  CTi  CN 


r^  o  co  co 
r~-  cri  >x>  co 

CN  CN  CN  CN 


^r  o  r~-  o 

CO  O  (N  O 
O   rH   rH    CN 


co  rH  r^  r» 
r-~  co  cn  r^ 


Hinraw 

CO  O  O  CD 
rH  oq  eg  CN 


O  >£>  CO  «^< 

co  C3  in  r- 


rH  in  ro  oi 
co  co  m  co 

CN  CN  CN  CN 


OCftCAO 

cm  cm  r-»  cr. 
o  o  o  o 


CO  CN  CO  00 

rH   CO  CO   CTl 

O  rH 


in  cn  cn  r- 

rH    *£>    ^f    CTl 


CO  CO  VD  o 
VD  CM  O  CN 
C^J  CN  CN  CN 


OCCHDH 
hCAMO 


ro 


cri  r-~  H 

in    CO    CN    rH 

<*  co  -^  -^ 


■*  CN  in  «3 

V£>  C^l   0^1   CTl 

rH   rH    rH 


co  in  «*  in 
o  ^  co  oo 


C£>  U")  CTi  cn 

rH  co  <r  cn 

CN    CN   CN   r-i 


cn  CO  rH  rH 

<*  r^  r-  o 


m  r-  in  o 

cn  cn  cn  co 
ro  co  ^y  co 


o  co  in  in 

CN  CO  1X>  O 
O  O  rH 


150 


o 

Eh 

X 

D 

tH 

H 

rfj 

CO 

Q 

w 

a 

p^; 

u 

w 

g 

p-, 

H 

j 

ffl 

3 

O 

o 

H 

W 

W 

h 

L< 

r-i 

>-• 

o 

a 

o 

a 

eg 

o 

HLO 

HI 

*«« 

rf 

■ 

i4o 

w 

53 

« 

Si 

a 

a 

o 

o 

r-H 

4 

H 

Fh 

M 

< 

Q 

Pi 

W 

.-1 

& 

< 

D 

N 

Q 

« 

H 

3 

> 

E-i 

H 

a 

Q 

H 

3 

H 

53 

D 

H 

* 

CO 

LO 

H 

in 

a 

o 

s 

PQ 

4 

H 

to 

tn 

C 

-H 
H 
M 
Hi 

o 

X 


! 

tJI 

CO 

s 

o 

0 

Cn 

c 

fi  fc 

C) 

tn,V 

2 

(0 

JJ 

tji 

c 

6 

1- 1 

a 

Q) 

• 

o 

o 

X! 

a 

CO 

iji  (0 

S 

u 

o 

&>  d) 

e  fo 

0) 

& 

^ 

n:S 

+J 

t^  d 

c: 
PS 

H 

a 

Q) 

• 

<U 

0 

£ 

a 

CO 

tr.  0) 

S 

o 

0 

tn 

CI) 

6  fc 

cu 

0r>X 

S 

a 

p 

tr 

c 

B 

H 

c 

CD 

» 

Q) 

0 

x!  a 

CO 

rH  '.O   O  vo 


ci  oo  r^  od 

r-»   rH    rH   iH 


o  o  ro  o 
o  o  <*  o 


o  o  r-  o 

CN    OJ    r~l   CN 


lO   VD    <5f   <* 

CO  O   f-  ffl 
OHHrl 


rH    O    O 

o  o  o 


en  o  o 


id  in  cn 

•  •  • 

r-1  i-H  O 

CN  CN  CN 


• 


o  o  «tr 

ooo 


O  O   00 
CN   CN   rH 


en  m  r- 

rH  CO  O 
O    O    rH 


cti  i— I  co  r~- 

^j*  in  <>o  ^ 

-3'  CT>  O  rH 

CN  rH  CN  CN 


o  o  o  o 

LO  LO   LO  lO 


oj  cn  cn  cn 


r-  en  co  r^- 

en  en  co  en 

H  rH 


o  o  o  o 
in  m  in  lo 


O-J  IN   CN  CN 

ro  ro  ro  co 


CN  00  VO  rH 

(KnoH 


o  ro  ro  ro 

CN  CN   CN   CN 


O  o  o  o 

lo  lo  m  in 


CN  CN  CN  CN 

co  ro  ro  ro 


OCnCTiO 

CN  CN  r-  en 

c  o  o  o 


r-  CN  CN  CO 

lillOOO 

CN  H  iO  00 
CN  CO  CN   CN 


<-\  o  o  o 
rH  in  m  in 


•^  t—  r~  r» 
■>*  ^r  %r  "* 


CO  CN  CO  00 

rH   00   CO    G1 

O  rH 


co  r~  m 

rH  in  rH 

CO 

rH  en  ro  t 

m  m  r- 

CN   LO   CO 

oo 

rH  CN  CN  ro 

COOh 

CN  CO  CT, 

i  H 

r-~  r>  ro  in 

rH    CN    rH 

CN  CN  rH 

CN 

CN  CN  CN  CN 

O  O  CD  o 

m  lo  in  m 


r-~  r-»  r-  r~ 
^r  ^  ^  "* 


O  CN 

LO 

•vT  O 

r»  o 

<sT  (N  ID  VD 

en  en 

VO 

00  o 

CN  O 

ID  CN  0\  en 

o 

f—1 

O    rH 

rH   CN 

rH    rH   r-i 

Ti  i-i  LO  CN 

co  en  r^  co 


LOIS   >^ 
CN  CN  CN  CN 


O  t>-  O  O 

lo  ^  lo  in 


^r  ^r  ^3*  «^< 


o  co  ui  in 

CN  CO  ID  O 
O  O  rH 


151 


« 

.< 

H 

D 
H 

CO 
fa 

B 


§ 


o 

HI 

H 
in" 

PQ 

E) 


•P 

rH 


Cn  co 

S  a) 

o 

g  fa 


0) 

tr>M 

lilhWO 

Niiinn 

<*  h  us  r» 

-p 

co  ro  r^  in 

MTiOOM 

cn  r»  ^r  ro 

r^  r—  <^o  r- 

(N  HH  N 

r-  co  r-  r» 

g   H 

H    rH   rH   rH 

H    rH    rH   H 

04 

(1)    • 
0)  o 

en 


c 

•rH 

i — I 

u 


CD 

a  id 

-p 

CP  G 

e  h 


a, 

GJ     • 
<D   O 

03 


10 

.Q 

i 


S    re 
P 

S  H 


<1)    • 
0)  o 

co 


CM  <^*  CN  CO 

O  CO   "3*  05 


VD  rH  l£>  H 


r~-  uj  vo  >>o 


on  r-  r«  co 


in  vo  t  -^r 
co  o  r-  en 

O   rH   rH   rH 


t^  (Ti  CO  > 

O^  Cn  CO  Cn 

rH   H 


t7>  CO 

wnco 

a  <u 

CN   rH   UO 

o 

■             ft             • 

tn  (1) 

r^  co  vo 

S  fa 

m  o  ^r 


r-  r-  r- 


o  cn  in 

<7\  CTi  vo 

O   rH 


m  in  x 
r~  co  o 


co  co  oo 


en  rH  r^ 

HHO 
O  O  i-H 


^f  o  in  n 
an  cm  m  co 


co  en  r-  CO 


^  <^  ^  CO 

o  -o  <o  r-~ 


n  cn  cm  r\) 

rH  rH  rH  rH 


■^r  o  r-  o 

CO  O   CM  O 

OrlHCN 


O  en  G-i  O 

cn  cn  r^  cn 
o  o  o  o 


«OCO«) 

co  in  <=r  in 


com  coo 

rH  rH 


CO  CN  CO  00 

r-H  co  co  en 

O  rH 


^«3H<* 

m^ocon 


o  o  co  en 

rH    rH 


O  O  00  <o 
•&  m  en  vr 


co  co  r~  r^ 

rH   rH   rH   rH 


«*  cn  m  vd 
>x>  cn  cn  cn 

rH    rH    rH 


Gi  CO 

mi  m  m 

men  u)  ^ 

cn  H  «*  en 

a  « 

^r  m  ^ 

en  rH  in  en 

ro  en  co  <* 

o 

•     •     • 

m  o 

en  en  co 

co  o  o>  en 

rH  rH  H  o 

g  fa 

rH 

rH   rH   rH   rH 

N 

H 

ro 

vo 

rH 

rH 

CM 

CN 

CO 

H 

■>* 

cn 

r» 

rH 

CN 

O 

ro 

^ 

CO 

CO 

o 

O 

O 

O 

rH 

H 

1 — 1 

rH 

cm 

CN 

CM 

CN 

o  co  in  in 
cn  co  eo  o 

O    O    rH 


152 


9 


B 

a 

H 

£ 

13 

11 

!* 

W 

< 

[-J 

Q 

^j 

u  « 

* 

W 
ft 

o  w 

H 

« 

3 

g 

H 

D 

a 

H 

H 

W 

W 

>H 

3  U 

o 

« 

n 

a 

w 

>H 

tf 

w 

<:  >- 

^ 

PQ 

H 

< 

« 

N 

D 

H 

^ 

Em 

O 

O 

PJ 

rti 

£ 

H 

o 

W 

H 

S 

H 

-<  Pm 

i-l 

() 

W 

5 

CO 

W 

3 

H 

O 

« 

o 

<<  i- 

H 

sS 

<  U 

Q 

O 

(J 

i-J 

H 

3 

« 

D 

Q 

O 

H 

o 

> 

o 

H 

■fc 

Q 

H 

a 

hi 

« 

W 

• 

P4 

r^ 

lo 

W 

kJ 

-P 
r-i 


03 

c 

•H 
H 
In 

<U 


ID 

lo  ^ 

LO 

<* 

(N 

CN 

r» 

CO 

O 

rH   CTl 

tr>  <U 

ro 

«*   CO 

CO 

CM 

CO 

rH 

^r 

CN 

r-j 

ID   rH 

•H 

CJ\ 

CO  ID 

LO 

«tf 

CN 

«3 

rH 

H 

;n 

O  CD 

&>  M 

rH 

LO 

r^ 

r~- 

c^ 

W3 

r-\ 

CO.  rH 

g  O 

rH 

r-i 

ri    rH 

0) 

o 

r-»  cm 

H 

CO 

-<* 

^ 

10 

Ci 

(J\ 

CO   r-i 

CJirV, 

ID 

rH   00 

LO 

CN 

CN 

ro 

<* 

o 

CO 

0\    CO 

S   rC 

=       • 

-P 

iH 

O   rH 

CN 

CXl 

«3 

<T\ 

CTi 

•  n 

00 

CN  CN 

&  a 

CO 

CO  CO 

to 

cc 

r- 

IT, 

i- 

CO 

o 

rH  VD 

g  H 

rH 

ri    rH 

rH 

CN 

CN 

C-i 

IN 

CD 

«tf 

f   CD 

a 

<D    • 

LD 

LC    «# 

«* 

r-> 

CTl 

00 

r> 

00 

r-j 

00  CO 

0)   0 

00 

o  r- 

CM 

c^ 

CTl 

n 

cx, 

rH 

ro 

CO  o> 

x  a 

o 

rH    ,H 

H 

rH   rH 

o 

rH 

co 

<T> 

CM  rH 

cr> 

CO 

f- 

^J1 

ro 

CD 

rH    LD 

tn  0 

r^. 

[—   CD 

CM 

r- 

ID 

o 

CA 

Lf) 

r~  ^ 

£  C 

• 

•              • 

■H 

r~ 

ID  CN 

CPl 

kO 

m 

o 

LD 

n 

LO    CO 

Cn  U 

H  CN 

r> 

^o 

03 

C?l 

CT\ 

in 

rH  r-- 

g  D 

rH 

H 

CN    rH 

GO 

«# 

ro  lo 

CM 

ro 

CM 

o 

O 

CO 

VD   rH 

tn^: 

LD 

rH    CO 

O 

^o 

0^ 

r-i 

r~ 

o 

CO  o 

X  d 

• 

*        • 

-P 

•^ 

CN  CD 

I"* 

o 

00 

CO 

cr 

r- 

r  i  ro 

Cj">  C 

r- 

r»  r- 

r*- 

G> 

\& 

CO 

ID 

CO 

CN    rH 

g  H 

H 

rH   rH 

rg 

I"  4 

CN 

CN 

<* 

rn 

^r  ^ 

D. 

O      • 

o 

CN  ID 

"~-* 

O 

r> 

O 

-j" 

CN 

LT   LO 

0)    O 

CM 

a-,  vo 

CO 

C3 

CN 

O 

lfl 

CN 

cn  cm 

x!  a 

O    rH 

o 

H 

H 

CN 

H 

rH   rH 

CO 

• 

LD 

CM  vc 

o 

O 

ID 

cr^ 

rH 

o> 

'-D  CN 

tn  0) 

CN 

r-  o 

CTi 

CO 

o> 

o> 

m 

LD 

CD  CN 

S  a 

• 

e        • 

•H 

CI 

LD   CO 

o> 

CO 

o 

CD 

Lfl 

rH 

<s\  cn 

Cn  V-i 

r-J,   (N 

'•O 

io 

C3 

lfl 

LO 

H 

LO  CN 

g  D 

* 

rH 

H 

rH    rH 

0) 

00 

r- 1    LO 

o 

U3 

CO 

-J- 

cn 

ro 

rH    rH 

&M 

r^ 

m  ^r 

m 

O 

m 

r 

*¥ 

r« 

O    LO 

g  d 

• 

•        • 

P 

rH 

CN  O 

H 

Lfl 

CD 

G-l 

LD 

r- 

id  a 

'en  a 

cn 

O  1^ 

00 

03 

a\ 

CO 

CTl 

G^ 

CN  CO 

g  H 

r-i 

<N    rH 

t\ 

CN 

CN 

CN 

ro 

CD 

•s?  CD 

a 

<D     • 

CM 

rH    f" 

o 

o-i 

a. 

o 

o 

CO 

LD  ID 

<1)   o 

i — ! 

<D  O 

CM 

i- -j 

r- 

Cl 

CN 

ro 

LO    O 

c  a 

O 

O   rH 

O 

o 

o 

o 

o 

O    rH 

CO 

153 


D 

H 

W 

P 

13 

U 

S 

o 

Eh 

a 

D 

>H 

H 

r^ 

CO 

Q 

w 

s 

P4 

c; 

w 

g 

CM 

H 

>H 

X 

« 

O 

gC 

H 

12! 

c--; 

H 

5 

« 

D 

(M 

Q 

fc 

O 

O 

pq 

ISm 

Or- 

H 

• 

&HO 

a 

a 

w 

P5 

a^ 

O 

CO 

g 

r-3 

O 

H 

M 

4 

H 

« 

«fl 

W 

Q 

ft 

>J 

W 

rt! 

3 

1-3 

< 

P 

Eh 

H 

g 

> 

H 

H 

H 


CO 

ifl 

W 

en 


tr>  O 

a  c 

-h 

tn  U 

e  d 

m 

0 

+J 

t7>AJ 

H 

£  rci 

3 

-p 

no 

cx>  c 

< 

e  h 

0, 

CD      • 

CD    0 

.C  2! 

CO 

M 

lr- 
C 
•H 

rH 
U 

m 

o 

>H 


tr>  cd 

uiiio 

a  c 

co  00  in 

•rH 

•         •         * 

tjl     r-l 

O  rH  CN 

e  d 

CD 

tr>.y 

rH    O    O 

0000 

OOOO 

a  m 

OOO 

mm  uim 

in  in  in  in 

■p 

•                 •                • 

tn  C 

en  O  O 

CN  CN  CN  CN 

r-»  r-  r-  r- 

g   H 

iH    CN    CN 

CI  00  00  00 

^p   ^  *3<  ^ 

a, 

CD     • 
CD    O 

en 


a  nj 
-p 

Cn  C! 
g  H 


CD     • 

a)  o 
co 


01 

m 

>j3  CO 

r- 

M 

0 

H 

r» 

<< 

0 

CN 

0 

0 

in  r» 

cn 

u-) 

in 

IO 

■(j 

m 

r- 

■sT 

H 

CN 

0.0 

> 

00 

ca 

0 
H 

CO 

H 

01 

H 

0 

CN 

•-T 

O  O  CO  o 

o  o  <r  o 


0000 
m  in  m  m 


o  o  r-  0 

CN  CN  rH  CN 


m  ko  vr  vj< 
co  o  r-~  cri 

OHHH 


CN  CN   CN  CN 

roronoi 


t—  cri  00  r- 

cti  en  00  a\ 

<-i  rH 


o  cn  in 

CTv  CTi  U3 
O   rH 


Cn  CD 

r-  co  10 

a  c 

cri  in  in 

•H 

t        •        ■ 

rn  H 

O  .H  CN 

g  D 

O  O  ■sT 
O  O  r^ 


O  O  CO 
CN  CN  rH 


<T>  rH  r~- 

■h  m  o 

O    O   rH 


«*  o  r»  o 

CO  O  CN  O 
O   rH   rH   CN 


in  H  00  CN 
O  CTl  CTl  "tf 


co  'x>  00  r» 


OOOO 

in  in  in  in 


CN  CN  CN  CN 
00  00  00  00 


o  cri  cri  o 

(N  f^  [^  (^ 
OOOO 


rH  O  O   O 

rH  in  in  in 


^r  ^  ^  ^r 


CO   CN  CO  CO 

H   CO  CO   CTi 

O  rH 


VJD  O0 

IN 

O 

co  ^  co  r* 

00  ^r 

>ef 

H 

rH  r-  00  ^ 

cn  r>- 

O 

0 

OCCJO 

r-l 

rH 

CN  r-l  CN  CN 

•*  m  in  10 

kO  oj  cn  o\ 

rH  rH  rH 


n  co  <>o  it> 

M^COO 


CO  CN  CO  M3 
rH    rH   rH   rH 


O  r-  O  O 

in  >*  in  in 


r-  in  r~  r~ 
«*  ^r  ^  ^< 


o  00  in  in 
in  oo  >.o  o 

O   O    rH 


1 5  4 


S 

H 

CO 

W 
is 

u 


en 
in 


U] 

-P 


01 

tP 
r* 

•rH 

H 

rd 

O 


(J 


,71 

(D 

s 

?: 

•H 

tn 

M 

e 

P 

ID 

;t 

>> 

23 

<;'. 

-'-' 

CP 

:-" 

e 

H 

a. 

0 

• 

o 

0 

,c 

S3 

oo 

tn  (l) 

£ 

C 

•H 

tn 

Sh 

g  P 

0] 

tn,* 

^-i 

J-! 

Cn 

c 

e 

H 

n, 

c 

• 

o 

O 

-C 

!3 

CO 

tn  cy 

■  -* 

Ci 

•rH 

(Jl 

M 

g  D 

(U 

to 

*l 

a 

■3 

-P 

tn 

f* 

r3 

H 

a 

0) 

• 

0) 

0 

c| 

S3 

CO 

SO    CO   rH    CTl 
CO  r~  CM  CN 


o  o  o  o 


in  Is-  ^  o 
en  oo  co  m 


it-  r-  co  r~ 


pi  cm  si" 


o  o  o 


ro  o  si< 
sr  cn  n 


r-~  r^  c-~ 


CM  C*  CTl 
sT  CO  O 


o  o  H 


in  m  oo 
r^  oo  o 


CO  CO  oo 


cn  rH  r^ 
h  oo  o 
o  o  iH 


CO  tr,  cn  O 
03  rH  st"  O 


CM  fO  CO  si" 


ro  cm  cn  co 
r--  en  oo  cm 


(NH  rH   N 
HHrHH 


co  o  r»  cn 
r-«  cn  o  cn 


oo  cn  si"  ro 


ro  sr  sr  oo 
O  CO  CO  r» 


00  CN  CN  CN 

rH    rH    rH    rH 


00  rH  o  o 


oo  co  ro  oo 


ON  rH  ro  co 
CO  H  s,"  Cn 


oo  sr  oo 

H  rH   H 


oomj\o 
cm  cm  r~  cn 
o  o  o  o 


cm  r^  oo  cn 

CN  CN  CO  sj" 


r-~  in  ^m 


st>  rH  co  r~ 
cm  r-  sr  co 


1^  co  r-  r- 

HrlHH 


in  co  sp 

«* 

r-  cn 

CO 

r» 

CO  (S  COCO 

oo  o  r~ 

o> 

CTl  CPl 

ro 

CTi 

H   CO  00  (71 

OHH 

rH 

rH 

H 

O           rH 

si"  cm  m  sc 
oo  oo  cn  m 


r-  r->  cn  i— 


o  o  CO  CO 

si"  m  cn  si" 


co  co  r»r- 
rH  rH  H  H 


o  cn  in 

sr  o  r-»  o 

si"  cm  in  vo 

CT\  cn  CO 

CO  O  CM  o 

CO  CN  C7\  Cn 

O   rH 

O  H  H  CN 

H   H  rH 

cri  sr  m  o 

rH  CO  O  00 


oo  m  oo  co 


rH    rH    CM   00 

r-~  H  cn  o 


o  o  o  o 

CM  CN  CN  CM 


o  co  in  m 

CN  00  CO  O 
O   O   rH 


155 


3 


E 

H 

« 

D 

W 

D 

-4 

ft 

£ 

U 

W 

fa 

h 

o 

CO 

H 

w 

D  H 

ft  p;  jh 

B  O  rtj 

D 

H 

a 

O  < 

U  a 

>C 

o 

w 

D 

r-J 

a 

H 

H 

Cfl 

w 

W 

W 

5 

g 

o 

*! 

a 

o 

h 

* 

o 

^ 

«». 

H 

H 

b 

X 

o 

«  c 

w 

« 

J3  P 

w 

O 

2 

H 

W  & 

Eh  « 

<  rij  w 

i-l 

H  t-1 

8 

2  PQ 
H  cq 

N 

2  S 

H 

O  D  h 

H 

O 

rtj 

CO 

(-0 

Eh  W  <C 

<  § 

M 

D 

w 

M 

4 

J 

g 

< 

D  O 

a 

r-i 

H 

> 

H 

a 

2 

H 

• 

o 

X> 

9 


to 
tnl 
C 
■H 
H 

id 

CJ 


■  j 

tJl 

3 

s 

a 

+j 

en  3 

g  O 

<D 

tn,y 

£ 

m 

4J 

tn  c 

g 

H 

a 

0) 

• 

o 

C) 

£ 

!z 

CO 

-P 

tn  3 

f~-*-< 

a 

■U 

en  3 

6  o 

(U 

Ti,* 

2Si 

Rj 

4-> 

tn  C 

H 

a 

CJ 

• 

a) 

0 

x:  2 

CO 

-p 

tn  3 

£ 

a, 

P 

tn  3 

&  O 

a) 

tn,* 

s 

id 

+j 

Cn  C 

g 

H 

a 

0) 

• 

CD 

0 

.a  ia 

co 

r-  m  o  ro 

CN  ID   CTi  in 

03  CO  co  in 

■H  r-l  .H  rH 


inHnin 

H  O  H  CN 
CO  CO  CO  V£> 
H  H  rH  iH 


LT)  IX)  •*  ■vf 

raohQ 

OrlHH 


n  o  ro 

ro  CTi  IT) 

•  ■         • 

CO  CN  O 

r~  ai  oo 

<H  rH   rH 


^r  co  x> 
in  H  oo 

•        •        I 

•*  in  m 
r~  r»  r~ 

rH   rH   rH 


CO  LO  LT)  LT! 

to  00  f>  VO 

co  {•n  vr  r^ 

CM  CN  .N  CN 


CO  si"  ^   VD 

CM  CM  CN  «3< 

CTi  VD  Ci  Cn 

CN  CN  CN   CN 


r-  en  co  r- 

o^i  en  co  en 

H  rH 


mooin 
o  ro  rH  to 


en  co  r-»  vr 
vo  r^  <*  oo 

CN  CN  CN  CN 


c\  ro  C\l  vo 

O  <X>  d  CN 


r-  o  co  oo 
r»  en  <x>  oo 

CN  CN  CN  CN 


HNOIN 

co  co  rH  n 
in  co  co  ro 
ro  co  co  co 


CT\  CT)  00  rH 
O  00  Cm  CO 

in  co  oj  cnj 

moriio 
ro  ^r  ^f  ro 


CO  (N  oo  co 

rH  CO  CO  CI 

O  rH 


en  ud  vo  >=y 

OHH<J 


cri  r^  ro  o\ 
ini^tNcn 
•>*  ro  >*  ro 


O   CO  KO  rH 

r~  c\  ro  o 


c-i  r~  H  ro 

in  CO  CN  rH 

1"  ro  «*  ^r 


o  cm  m 

^r  o  r^  o 

sr  cm  in  vo 

CTi  CTi  VO 

CO  O  CN  O 

VO  CN  CTi  Ol 

O   rH 

O   rH   rH   CN 

rH  rH  H 

co  ^  m 

cj> 

^r 

•vt<  in 

cn  ro  r~  co 

"^   CO   rH 

in 

IC 

en  H 

^owm 

i£rnin 

H 

lO 

CPi  ro 

cn  r>  co  co 

rH  ro  o 

in 

«3 

co  r~- 

h^frlCN 

CN  CN  CN 

CN 

CN 

CN  CN 

ro  ro  ^j<  ro 

oo  h  in 

O  «5  CO  ^ 

0"\   ro   rH   rH 

i->  m  ■* 

ro  o  in  r~ 

■^  r~  f>  vo 

H  CN  O 

HiOflcri 

inMno 

en  o  r-- 

00  CO  cn  00 

ffiJllNCO 

HCNH 

CJ  CN  CN  CN 

ro  ro  ^  ro 

CTiHr« 

o  en  cri 

o 

o  co  m  in 

H  ro  o 

r^i  in  r- 

CPl 

cn  ro  >.o  o 

O    O   rH 

o  o  o 

o 

o  O  .H 

156 


>X> 

W 

< 


(fl 

i  H 


+j 

(J 

3 

a 

a 

xJ 

Oi 

3 

g  o 

a 

tn,* 

g 

r.j 

4J 

n 

c 

e 

H 

P. 

0)     • 
CD  o 

CO 


to 

i 

hi 


CD   O 


£  0. 
-P 

B  o 


+J 

tn  CI 

e  h 


<u   • 
■u  o 

CO 


HUHrl 

O  O  CO  CTi 
iM   CN   rH   rH 


o  o  ro  o 

o  o  -^r  o 


o  o  r-  o 

CM  CM  rH  CM 


1/1  VD  >*  >? 
03  O  (^  Ol 
OHHH 


-M 

tn  3 

00  rH   >£> 

s  a, 

^r  ^  (N 

+J 

•    •    • 

CP  3 

OMNO 

g  o 

H  (N  M 

CD 

di.* 

H  O  O 

S  to 

o  c  o 

-P 

•        •        • 

cr>  £ 

QOO 

g   H 

H  CM  (N 

ofM  in 

Gi  (Ti  v^> 
O   rH 


CO  rH   Cl 


cn  oo  cm 

CM  CN  CN 


OO'* 
O  O  Ti 


O  O  CO 
CM  CN  rH 


vo  to  cc  r~ 
r-  o  h  o 


rH  CO   O  CN 

co  cm  co  co 


o  o  o  o 

LO   LO    LO    LiO 


CN  CN  CM   CM 

ro  ro  co  co 


r»  cn  co  r^ 

C)  CWO   CTl 


o  o  o  o 

LO  IT)  IT)  U0 


CM  CM  CM   CM 
00  00  00  00 


■>*  o  r-  o 

CO  O  CM  O 
O  rH  rH   IN 


KO  00  <3>  CO 

CI  CM  Ci  LO 


CO  O  rH   O 
CM  ro  00   CO 


LO   W3  CN  O 

o  ci  r-  uo 

H  ^  ro  CI 
■sj'  ^j*  ^3*  ^r 


rH    O  O  O 

rH    LT)  LT)  LO 

«3*  r»  r--  r~ 

sf  sr  -^  -o< 


CC  CM  CO  00 

rH    CO    CO   Cl 

O  rH 


LO 

co 

m 

ro 

Cm 

M 

H 

rH 

m 

ai 

r» 

c> 

CN 

o 

10 

CO 

• 

■ 

■ 

■ 

* 

• 

• 

• 

rH 

o 

<n 

H 

r- 

vo 

r- 

m 

no 

ro 

CM 

ro 

«* 

<* 

■«* 

«3* 

o  o  o  o 

LO    LO   LO    LO 


r»  r^  r-  r- 

vp  ■*?  *&  *? 


*t  CN  LO  <o 

VO  (N  Clffi 
r-H  rH  rH 


CM  t-  rH  H 


M1  (Ti«3  o 


oooo  o  r--  o  o 

LO   LO   'JO    LO  LO    "^'  LO   LO 

cm  cn  cn  cn  r»  lo  r-  r» 

00  oo  ro  oo  ^  *3<  *tf  *& 


Cl  rH  r» 

oomo 

O  CO  LO  LO 

HCIO 

CN  CN  r->  O'l 

cn  ro  ^o  o 

O   O   rH 

oooo 

O    O   r-H 

157 


>J 

« 

< 

53 

H 

« 

D 

W 

D 

hh 

ft 

^    >H 

«<  < 

U 

a 

w 

pH    « 



w 

p-. 

Eh 

D  E- 

Pi 

35 

En  U 

►— « 
I—' 

H 

O 

w 

S 

s 

5 

>H 

H 

Q 

to  o 

w 

PQ 

53 

C5 

s 

^ 

s 

CD 

En  O 

O  in" 

H 

a  * 

O 

hi 

rt 

Eh 

w 

a 

p-, 

H 

w 

« 

« 

3 

53 

EH 

O  2 

H 

< 

R  S 

rf!  P 

a 

H 

CO 

J 

W 

<  53 

d  a 

Q 
H 

3 

> 

H 

O 

a 

M 

55 

H 

• 

ON- 

US 

H 

3 

a 

Eh 

-P 

m  i 

o  en  co  p* 

00  «3*  CTv  H 

^rhHco 

-p 

m  3 

■S3*  IT)  IX)  H 

^«OH 

o  r—  h  en 

t--  r~  vi)  .r-- 

NOHCN 

vr,  r»  vo  in 

s  o 

i — i  ri  H  i — 1 

HHHrl 

mg   Mg 
Intake 

m 
co 

r-  uo  o 
oo  oo  in 

ro  ro  en  oo 
r>  Cn  03  <N 

ro  H  vo  r» 

r-  vo  r- 

(MHHfM 

iH    rH    rH    rH 

r-  oo  t*»  t~- 

rH    rH   H   H 

a  o 

00 


-p 

•p 
e  o 


a) 

£   rd 

■P 

IF  C 


a)  . 

<D  0 

Xi  53 
to 


-P 
6  O 


S  h 


!<U        • 

!  a  o 

[CO 


in  vd  ^m1 
oo  o  r-»  en 

O  iH  H  H 


cn  in  CN 

in  co  vo 


r-  oo  r- 


oo  o  "^ 
■^r  en  ro 


r*-  r->  r- 


r-  o-:  oo 
co  cn  r- 


<J\  o  CTl 


in  m  oo 

>coo 


CO  CO  CO 


r^  cn  co  r^- 

Cn  Cn  00  Cn 
i-l  H 


•^  .**  "=r  oo 


00  CN  CM  CN 

HrlrlH 


CO   CN   CO  CO 

rH  oo  oo  en 

O  rH 


rH 

■H 
i — i 

CN 

O 

CN 

V0 

CO 

n 

CO 

If) 

O 

CO 
CO 

CN 

rH 

CN 

H 

H 

rH 

CN 

H 

CO 

r-! 

03 

rH 

^0 

H 

O  O  CO   <& 

•c3>  in  cr>  ^r 


CO  CO  M~> 
rH    rH    rH   rH 


o  cn  m 

«*  o  r*  o 

^M 

in  in  id 

en  0>  VO 

00  O  CN  O 

^O 

CN  CTi  (T\ 

O   r-\ 

O  rH  H  CN 

rH  H  rH 

^D 

O 

t-> 

'X) 

o 

m 

CTi 

cn 

ro 

CM 

CN 

rH 

m 

m 

CO 

CM 

OJ 

ro 

ro 

ro 

CTi 

r» 

en 

p» 

rH 

H 

H 

ri 

rH 

H 

rH 

r-\ 

CN 

rH 

ro 

yo 

rH   rH 

CM 

oo 

02 

rH 

«* 

cn 

r-   rH 

0^ 

o 

ro 

«3< 

00 

ro 

o  o 

O 

o 

rH 

r) 

H 

H 

CN  CN 

CN 

CN 

cn  rH  r- 

o  en  en  o 

o  oo  m  m 

■H  00  o 

cn  cn  r^  en 

0-1  00  VD  o 

O    O   rH 

o  o  o  o 

O    O    rH 

158 


id 
S 

P 

H 
W 

W 
53 

O 


w 


o 

fH 

§ 

H 

CO 
a 

O 


H 
« 
D 

ft 

O 

o 

H 
EH 


2 

o 

I 

g 

Q 
H 
> 

H 

Q 

H 


n 

co 

M 
,-1 


in 
tn 

c 

■H 
rH 
H 

id 
(U 


Cn  <3J 

Jg] 

C 

■H 

Cn  M 

g  d 

rd 

o>g 

S 

tfl 

id 

CPtH 

g   ft 

ft 

0 

• 

CO 

0 

X! 

a 

CO 

cn  <U 

8 

c 

•H 

tn 

n 

g  D 

id 

t>i  g 

a 

tn 

id 

cnH 

g  A. 

a, 

0) 

• 

(U 

0 

■C 

2 

CO 

tri 

o; 

S 

C 

■H 

tn  u 

g 

D 

rd 

tn 

G 

S 

tn 

rd 

tP 

i — i 

S  ft 

ft 

CD 

■ 

<U 

o 

r^ 

21 

CO 

oo  r--  ^  co 


O  <H  O  O 


o  vj'  in  co 

rH   rH   H    H 


O    CO    O    px 
C    O    O    rH 


in  r-  co  co 


CN  O  rH  CTl 
O  CTi  rH  f-» 


CN  rH   CN  rH 


m  vd  ^  ^r 
co  or-!Ji 

O  H  rH  H 


r—  cn  co  r- 

cri  <y.  n  o> 

rH   H 


C\  ^r   CO 

m  cn  ai 


OrlH 


r-  r-  <n 

in  <?  in 


rH   rH   rH 


CO  O   CTl  CN 
CA  CN   CN  CO 


m  m  [-»  co 


CN  co  oj  o 

CfiH   >Q 


rH   CN    rH    CN 


O  CN  m 

<Xt   CTl   CD 
O   rH 


^  o  r-  o 

CO  O   CN  O 
O  H   rH  CN 


t-»  in  r* 


o  o 


o\  rH  in  r-» 

CN  LO   CN  00 


■jroinn 


mom 
m  co  ^ 


rH   rH   rH 


cn  rH  r^ 

rH   CO   O 
O   O   rH 


CO   O    CO   Ol 

co  rH  cn  co 


rH    CN    rH    rH 


O    CTi    CTl    O 

cn  cn  r»  cri 
o  o  o  o 


ro  o  r-  cri 

OlOnN 


CN    C?l    [~-   rH 


co  cn  o  <y\ 
cn  cn  cn  o 


CN  CN   CN  CN 


CO  CN  CO  CO 

rH  CO  CO  CTl 

O  rH 


oo  cn  cn  r^ 
cn  rH  ^  cn 


•*  co  oo  co 

rH   rH    rH   rH 


o  cn  co  co 
ro  o  o  rH 


CN  CN   CN  CN 


^r  cn  in  co 

CO  CN   G\  CTl 
rH    rH   rH 


HH  IOC0 

cn  rH  o  r- 


rH 


OCOOlf) 
CN  rH   CN  O 


CN  CN  CN  CN 


o  co  in  in 

f^fllOO 

O    O    rH 


u 

o 

,c 

u 
a) 

ft 

c 

o 

■H 

-p 
<y 
u 
o 

g 

•H 

ai 

c 

cn 
rd 
6 

>1 
u 
id 
c 

•H 
H 

2 


o 

o 

rH 

M 

to 
ft 

fl 

o 

•H 

p 

r| 

-p 

CD 

0 

a 

o 
u 


•H 

tn 

CD 

c! 

cn 

td 

s 

td 

tn 
<d 

rH 

01 

rd 


BIBLIOGRAPHY 


Agricultural  Research  Council.   1965.  The  nutrient  require- 
ments of  farm  livestock;  No.  2  ruminants.   Agricultural 
Research  Council,  London. 

Ammerman,  C.  B. ,  R.  M.  Forbes.  U.  S.  Garrigus,  A.  L.  Neumann, 
H.  W.  Norton  and  E.  E.  Hatfield.   1957.   Ruminant _ 
utilization  of  inorganic  phosphates.   J.  Anim.  Sci. 
16:796. 

Ammerman,  C.  B.,  R.  Hendrickson,  G.  M.  Hall,  J.  F.  Easley 
and  P.  E.  Loggins .   1965.   The  nutritive  value  of 
various  fractions  of  citrus  pulp  and  the  effect  of 
drying  temperature  on  the  nutritive  value  of  citrus 
pulp."  Proc.  Fla.  State  Hort.  Soc .   78:307. 

Ammerman,  C.  B.  and  W.  E.  Thomas.   1955.   Relative  pH  values 
and  buffering  capacities  of  the  ruminal  ingesta  of 
lambs  as  affected  by  various  forages.   Cornell  Vet. 
45:443. 

Annison,  E.  F.  and  D.  Lewis.   19  59.   Metabolism  in  the  rumen. 
John  Wiley  and  Sons,  New  York. 

Anonymous.  1964.  Analytical  methods  for  atomic  absorption 
spectrophotometry.  The  Ferkin-Elmer  Corp.,  Nor'walk, 
Connecticut. 

Arias,  C,  W.  Burroughs,  P.  Ger. laugh  and  R.  M.  Bethke.   1951. 
The  influence  of  different  amounts  and  sources  of 
energy  upon  in  vitro  urea  utilization  by  rumen 
microorganisms .   J .  Anim .  Sci .   10:683. 

Arrington,  L.  R. ,  C.  B.  Ammerman,  D.  Yap,  R.  L.  Shirley  and 
G.  K.  Davis.   1962.   Measurements  of  phosphorus 
availability  for  calves.   J.  Anim.  Sci.   21:987. 

Association  cf  Official  Agricultural  Chemists.   1960. 

Official  methods  of  analysis.   9th  Ed.,  Washington, 
D.  C, 

Becker,  R.  B.,  G.  K.  Davis,  W.  G.  Kirk,  R.  S,  Glasscock,  P. 
T.  Dix  Arnold  and  J.  E.  Pace.   194  4.   Def luorinated 
superphosphate  for  livestock.   Fla.  Agr.  Exp.  Sta. 
Bui.  40l/ 

159 


160 


Beeson,  W.  M.#  R.  F.  Johnson,  D.  W.  Bolin  and  C.  W.  Hickman. 
1944.  "She   phosphorus  requirement  for  fattening 
lambs .   J .  Anim .  Sci  .   3:63." 

Belasco,  I.  J.   1956.   The  role  of  carbohydrates  in  urea 
utilization,  cellulose  digestion  and  fatty  acid 
formation.   J.  Anim.  Sci.   15:496. 

Blaxter,  K.  L.   1962.   The  energy  metabolism  of  ruminants. 
Hutchinson,  London. 

Blaxter,  K.  L,  and  R.  F.  McGill.   1956.   Magnesium  metabolism 
in  cattle.   Vet.  Rev.   2:35. 

Blaxter,  K.  L.  and  J.  A.  F.  Rook.   1954.   Experimental 

magnesium  deficiency  in  calves.   2.   The  metabolism 
of  calcium,  magnesium,  and  nitrogen,  and  magnesium 
requirements.   J.  Ccmp .  Path.   64:176. 

Blaxter,  K.  L.,  J.  A.  F.  Rook  and  A.  M.  J.  MacBonald.   1954. 
Experimental  magnesium  deficiency  in  calves.   I. 
Clinical  and  pathological  observations.   J.  Comp. 
Path.   64:157. 

Bloomfield,  R.  A.,  G.  B.  Garner  and  M.  E.  Muhrer.   1960. 

Kinetics  of  urea  metabolism  in  sheep.   J.  Anim.  Sci. 
19:1248.   Abstr. 

Blocmfield,  R.  A.,  E.  0.  Kearley,  D.  0.  Creach  and  M.  E. 

Muhrer.   196  3.   Ruminal  pH  and  absorption  of  ammonia 
and  VFA.   J.  Anim.  Sci.  '  22: 833.   Abstr. 

Bloomfield,  R.  A.,  E.  G.  Komer ,  R.  P.  Wilson  and  M.  E. 

Muhrer.   1966.   Alkaline  buffering  capacity  of  rumen 
fluid.   J.  A.nim.  Sci.   25:1276. 

Bloomfield,  R.  A.,  M.  E.  Muhrer  and  W.  H.  Pfander.   1953. 
Relation  of  composition  of  energy  source  to  urea 
utilization  by  rumen  microorganisms.   J.  Anim.  Sci. 
17:1189.   Abstr. 

Bloomfield,  R.  A.,  R.  P.  Wilson  and  G.  B.  Thompson.   1964. 
Influence  of  energy  levels  on  urea  utilization. 
J.  Anim.  Sci.   23:868. 

Bohman,  V.  R. ,  0.  L.  Lesperance,  G.  D.  Harding  and  D.  L. 

Grunes.   1969.   Induction  of  experimental  tetany  in 
cattle.   J.  Anim.  Sci.   29:99. 

Bunce,  G.  E.,  Y.  Chiemchaisri  and  P.  H.  Phillips.   1962. 

The  mineral  requirements  of  the  dog.   IV.   Effect  of 
certain  dietary  and  physiologic  factors  upon  the 
magnesium  deficiency  syndrome.   J.  Nutr.   76:23. 


161 


Chicco,  C.  F.   1966.   Some  nutritional  aspects  of  dietary 
magnesium  in  ruminants  and  poultry.   Ph.D. 
dissertation,  University  of  Florida,  Gainesville. 

Chicco,  C.  F.,  C.  B.  Ammerman,  J.  E.  Moore,  P.  A.  van 

Walleghem,  L.  R.  Arrington  and  R.  L.  Shirley.   1965. 
Utilization  of  inorganic  ortho-,  meta-  and  pyro- 
phosphates by  lambs  and  by  cellulolytic  rumen 
microorganisms  in  vitro.   J.  Anim.  Sci.   24:355. 

Clark,  Irwin.   196  8.   Effects  of  magnesium  ions  on  calcium 
and  phosphorus  metabolism.   Amer.  J.  Physiol. 
214:348. 

Clark,  Irwin  and  Leonard  Belanger.   1967.   The  effects  of 
alterations  in  dietary  magnesium  on  calcium, 
phosphate  and  skeletal  metabolism.   Calc.  Tiss.  Res. 
1:204. 

Clark,  R.  and  W.  A.  Lombard.   1951.   Studies  on  the  alimentary 
tract  of  the  Merino  sheep  in  South  Africa.   XXII.   The 
effect  of  the  pll  of  the  ruminal  contents  on  ruminal 
motility.   Onderstepoort  J.  of  Vet.  Res.   25:79. 

Climatological  Data  National  Summary.'  1969-1971.  U.  S. 
Depart,  of  Comm.  Environmental  Data  Service. 

Coombe,  J.  B.,  D,  E.  Tribe  and  J.  W.  C.  Morrison.  1960. 
Some  experimental  observations  on  the  toxicity  of 
urea  to  sheep.   Australian  J.  Agr .  Res.   11:247. 

Duckworth,  John  and  William  Godden.  1941.  The  lability  of 
skeletal  magnesium  reserves.  The  influence  of  rates 
of  bone  growth.   Biochem.  J.   35:816. 

Duncan,  C.  W. ,  C.  F.  Huffman  and  C.  S.  Robinson.   1935. 

Magnesium  studies  in  calves.   I.  Tetany  produced  by 
a  ration  of  milk  or  milk  with  various  supplements. 
J.  Biol.  Chem.   108:35. 

Dutton,  J.  E.  and  J.  P.  Fontenot.  1967.  Effect  of  dietary 
organic  phosphorus  on  magnesium  metabolism  in  sheep. 
J.  Anim.  Sci.   26:1409. 

Field,  A.  C.  1959.  Balance  trials  with  magnesium-28  in 
sheep.   Nature   183:983. 

Field,  A.  C.   1967.   Studies  on  magnesium  in  ruminant 

nutrition.   7.   Excretion  of  magnesium,  calcium, 
potassium  and  faecal  dry  matter  by  grazing  sheep. 
Brit.  J.  Nutr.   21:631. 


.162 


Field,  A.  C,  J.  W.  McCollum  and  E.  H.  Butler.   1958. 
Studies  on  magnesium  in  ruminant  nutrition. 
Balance  experiments  on  sheep  with  herbage  from 
fields  associated  with  lactation  tetany  and  from 
control  pastures.   Brit.  J.  Nutr.   12:433. 

Fiske,  C.  A.  and  I.  Subbarow.   19  25.   The  color imetric 

determination  of  phosphorus.   J.  Biol.  Chem.   66:375. 

Forbes,  G.  B.   1959.   Bone  sodium  and  Na22  exchange: 

relation  to  water  content.   Proc.  Soc.  Exp.  Biol. 
Med.   102:248. 

Forbes,  G.  B.   196  3.   Mineral  utilization  in  the  rat.   I. 
Effect  of  varying  dietary  ratios  of  calcium, 
magnesium  and  phosphorus.   J.  Nutr.   80:321. 

Garces,  M.  A.  and  J.  L.  Evans.   1971.   Calcium  and  magnesium 
absorption  in  growing  cattle  as  influenced  by  age  of 
animal  and  source  of  dietary  nitrogen.   J.  Anim.  Sci. 
32:789. 

Hale,  W.  H.,  F.  Hubbert,  Jr.,  E.  L.  Russell,  W.  C.  Carey,  Jr. 
and  B.  Taylor.   196  2.   Diammonium  phosphate,  urea  and 
cottonseed  meal  as  nitrogen  sources  for  fattening 
beef  cattle.   Cattle  Feeders  Day,  University  of 
Arizona. 

Hall,  0.  G.,  H.  D.  Baxter  and  C.  3.  Hobbs.   1961.   Effect  of 
phosphorus  in  different  chemical  forms  on  in  vitro 
cellulose  digestion  by  rumen  microorganisms.   J.  Anim. 
Sci.   20:817. 

Hansard,  S.  L. ,  C.  L.  Comar  and  M.  P.  Plumlee.   1954.   The 

effect  of  age  upon  calcium  utilization  and  maintenance 
requirements  in  the  bovine.   J.  Anim.  Sci.   13:25. 

Hansard,  S.  L.  and  H.  M.  Crowder.   1957.   The  physiological 
behavior  of  calcium  in  the  rat.   J.  Nutr.   62:325. 

Hart,  E.  B.,  G.  Bohstedt,  H.  J.  Deobald  and  M.  I.  Wegner. 

1939.   The  utilization  of  simple  nitrogenous  compounds 
such  as  urea  and  ammonium  bicarbonate  by  growing 
calves.   J.  Dairy  Sci.   22:785. 

Hillis,  W.  G.   1968.   Nitrogen  and  phosphorus  supplements  for 
ruminant  rations  high  in  dried  citrus  pulp.   M.  S. 
Thesis,  University  of  Florida,  Gainesville. 

Hjerpe,  C.  A.   1968.   Influence  of  dietary  magnesium  on 

metabolism  of  calcium  and  magnesium  in  sheep.   Amer. 
J.  Vet.  Res.   29:1.43. 


Hogan,  J.  P.   1961.   The  absorption  of  ammonia  through  the 
rumen  of  the  sheep.   Australian  J.  Biol.  Sci.   14: 
443. 

Huffman,  C.  F.  ,  C.  L.  Conley ,  C.  C.  Lighfoot  and  C.  W. 

Duncan.   1941.   Magnesium  studies  in  calves.   II. 
The  effect  of  magnesium  salts  and  various  natural 
feed  upon  the  magnesium  content  of  the  blood  plasma. 
J.  Nutr.   22:609. 

Kaplan,  A.,  A.  L.  Chaney,  R.  L.  Lynch  and  S.  Meites.   1965. 
Urea  nitrogen  and  urinary  ammonia.   Std.  Methods  of 
Clin.  Chem.   5:245. 

Kercher,  C.  J.  and  L.  Paules.   1967.   Phosphorus  sources  for 
ruminants.   J.  Anim.  Sci.   26:922.   Abstr. 

Knox,  J.  H.  and  P.  E.  Neale .   1937.   Mineral  supplements  for 
cattle  on  phosphorus-deficient  range.   New  Mexico 
State  Agr.  Exp.  Sta.  Bui.  249. 

Lassiter,  C.  A.,  L.  D.  Brown  and  D.  Keyser.   1962.   An 
evaluation  of  diammonium  phosphate  as  a  nitrogen 
source  for  ruminants.   Mich.  Agr.  Exp.  Sta.  Quart. 
Bui.   44(4) :763. 

L! Estrange,  J.  L.  and  R.  F.  E.  Axford.   196  3.   The  effect  of 
low  magnesium  intake  on  lactating  ewes.   Proc.  Nutr. 


L'Estrange,  J.  L.  and  R.  F.  E.  Axford.   1964.   A  study  of 
magnesium  and  calcium  metabolism  in  lactating  ewes 
fed  a  semi -purified  diet  low  in  magnesium.   J.  Agr. 
Sci.   62:353. 

Lewis,  D.  1957.  Blood-urea  concentration  in  relation  to 
protein  utilization  in  the  ruminant.  J.  Agr.  Sci. 
43:438. 

Lofgreen,  G.  P.   1960.   The  availability  of  the  phosphorus 
in  dicalcium  phosphate,  bonemeal,  soft  phosphate  and 
calcium  phytate  for  mature  wethers.   J.  Nutr.  70:58. 

Lomba,  F.,  R.  Paquay ,  V.  Bienfet  and  A.  Lousse.   1968. 

Statistical  research  on  the  fate  of  dietary  mineral 
elements  in  dry  and  lactating  cows.   II.   Magnesium. 
J.  Agr.  Sci.   71:181. 

Long,  T.  A.,  A.  D.  Tillman,  A.  B.  Nelson,  W.  D.  Gallup  and 
B.  Davis.   1957.   Availability  of  phosphorus  in 
mineral  supplements  for  beef  cattle.   J.  Anim.  Sci. 
16:444. 


164 


MacDonald,  D.  E.  and  A.  D.  Care.   19  59.   Excretion  of 

labelled  magnesium  by  the  sheep.   Nature   184:7  36. 

Martindale,  L.  and  F.  W.  Heaton.   1964.   Magnesium  deficiency 
in  the  adult  rat.   Biochem.  J.   92:119. 

McAleese,  D.  M. ,  M.  C.  Bell  and  R.  M.  Forbes.   1961. 

Magnesium-28  studies  in  lambs.   J.  Nutr .   74:505. 

McDonald,  F.  W.  1948.  The  absorption  of  ammonia  from  the 
rumen  of  the  sheep.   Biochem.  J.   42:584. 

McLaren,  G.  A. ,  G.  C.  Anderson,  L.  I.  Tsai  and  K.  M.  Barth. 
1965.   Level  of  readily  fermentable  carbohydrates  and 
adaptation  of  lambs  to  all-urea  supplemented  rations. 
J.  Nutr.  87:331. 

O'Dell,  B.  L.,  E.  R.  Morris  and  W.  0.  Regan.   1960. 

Magnesium  requirement  of  guinea  pigs  and  rats.   Effect 
of  calcium  and  phosphorus  and  symptoms  of  magnesium 
deficiency.   J.  Nutr.   70:103. 

Oltjen,  R.  R.,  G.  R.  Waller,  A.  B.  Nelson  and  A.  D.  Tillman. 
1963.   Ruminant  studies  with  diammonium  phosphate 
and  urea.   J.  Anim.  Sci.   22:36. 

Ormsby,  A.  A.  1942.  A  direct  colorimetric  method  for  the 
determination  of  urea  in  blood  and  urine.  J.  Biol. 
Chem.   146:595. 

Parr  Manual  No.  130.  1960.  Oxygen  bomb  calorimetry  and 
combustion  methods.  Parr  Instrument  Co.,  Moiine, 
111. 

Perez,  C.  B. ,  R.  G.  Warner  and  J.  K.  Loosli.   1967.   Evalua- 
tion of  urea-phosphate  as  a  source  of  nitrogen  and 
phosphorus  for  ruminants.   J.  Anim.  Sci.   26:810. 

Preston,  R.  L.  and  W.  H.  Pfander.   196  4.   Phosphorus 

metabolism  in  lambs  fed  varying  phosphorus  intakes. 
J.  Nutr.   83:369. 

Reaves,  J.  L. ,  L.  J.  Bush  and  J.  D.  Stout.   1966.   Effect  of 
different  non-protein  nitrogen  sources  on  accepti- 
bility  of  rations  by  dairy  cattle.   J.  Dairy  Sci. 
43:1142. 

Repp,  W.  W.  ,  W.  H.  Hale  and  W.  Burroughs.   1955.   The  value 
of  several  non-protein-nitrogen  compounds  as  protein 
substitutes  in  lamb  fattening  rations.   J.  Anim.  Sci. 
14:901. 


165 


Richardson,  D.  ,  E.  F.  Smith,  B.  A.  Koch  and  R.  F.  Cox.   1957. 
Sources  of  phosphorus  for  beef  cattle.   Kansas  Agr. 
Exp.  Sta.  Circ.  349. 

Richter,  H.  and  Y.  Lapoinie .   196  2.   New  reagent  for  use  in 
determination  of  blood  urea  nitrogen,  with  special 
reference  to  manual  analysis.   Clin.  Chem.   3:335. 

Robinson,  R.  A.  and  M.  L.  Watson.   1955.   Crystal-collagen 
relationships  in  bone  as  observed  in  the  electron 
microscope.   III.   Crystal  and  collagen  morphology 
as  function  of  age.   Ann.  N.  Y.  Acad.  Sci.   60:596. 

Rook,  J.  A.  F.   1961.   Rapid  development  of  hypomagnesaemia 
in  lactating  cows  given  artificial  rations  low  in 
magnesium.   Nature   191:1019. 

Rook,  J.  A.  F.  and  C.  C.  Balch.   1958.   Magnesium  metabolism  ■ 
in  the  dairy  cow.   II.   Metabolism  during  the  spring 
grazing  season.   J.  Agr.  Sci.   51:199. 

Rook,  J.  A.  F.  and  J.  E.  Storry.   196  2.   Magnesium  in  the 
nutrition  of  farm  animals.   Nutr.  Abstr.  and  Rev. 
32:1055. 

Russell,  E.  L. ,  W.  H.  Hale  and  F.  Hubbert,  Jr.   1962. 

Evaluation  of  diammonium  phosphate  as  a  source  of 
nitrogen  for  ruminants.   J.  Anim.  Sci.   21:523. 

Schaadt,  H. ,  Jr.,  R.  R.  Johnson  and  K.  E.  McClure.  1966. 
Adaptation  to  and  palatability  of  urea,  biuret  and 
diammonium  phosphate  as  NPN  sources  for  ruminants. 
J.  Anim.  Sci.   25:73. 

Simesen,  M.  G. ,  T.  Lunaas ,  T.  A.  Rogers  and  J.  R.  Luick. 
196  2.   The  endogenous  excretion  of  magnesium  in 
cattle.   Acta.  Vet.  Scand.   3:175. 

Smith,  B.  S.  W.  and  A.  C.  Field.   196  3.   Effect  of  age  on 

magnesium  deficiency  in  rats.   Brit.  J.  Nutr.   17:591. 

Smith,  R.  H.   1959a.   Calcium  and  magnesium  metabolism  in 
calves.   3.   Endogenous  fecal  excretion  and  absorp- 
tion of  magnesium.   Biochem.  J.   71:306. 

Smith,  R.  H.   1959b.   Calcium  and  magnesium  metabolism  in 

calves.   4.   Bone  composition  in  magnesium  deficiency 
and  the  control  of  plasma  magnesium.   Eiochem.  J. 
71:609. 

Smith,  R.  H.   1969.   Absorption  of  major  minerals  in  the 
small  and  large  intestines  of  the  ruminant.   Proc. 
Nutr.  Soc.   28:151. 


166 


Smith,  R.  H.  and  A.  B.  SteAllan.   1966.   Binding  of  magnesium 
and  calcium  in  the  contents  of  the  small  intestine 
of  the  calf.   Brit.  J.  Nutr.   20:703. 

Smith,  R.  H.  and  A.  B.  McAllan.   196  7.   Precipitation  of 
magnesium  in  association  with  phosphate  under  the 
conditions  obtaining  in  the  calf  ileum.   Prcc. 
Nutr.  Soc .  26:xxxii. 

Steel,  R.  G.  D.  and  J.  H.  Torrie.   1960.   Principles  and 
procedures  of  statistics.   McGraw-Hill  Book  Co., 
Inc . ,  New  York . 

Storry,  J.  E.  and  J.  A.  F.  Rook.   1963.   Magnesium  metabolism 
in  the  dairy  cow.   V.   Experimental  observations  with 
a  purified  diet  low  in  magnesium.   J.  Agr.  Sci.   61: 
167. 

Suttie,  N.  F.  and  A.  C.  Field.   196  7.   Studies  on  magnesium 
in  ruminant  nutrition.   3.   Effect  of  increased 
intakes  of  potassium  and  water  on  the  metabolism  of 
magnesium,  phosphorus,  sodium,  potassium  and  calcium 
in  sheep.   Brit.  J.  Nutr.   21:819. 

Suttie,  N.  F.  and  A.  C.  Field.   1969.   Studies  on  magnesium 
in  ruminant  nutrition.   9.   Effect  of  potassium  and 
magnesium  intakes  on  development  of  hypoiaagnesaemia 
in  sheep.   Brit.  J.  Nutr.   23:81. 

Thomas,  J.  W.   1959.   Magnesium  nutrition  of  the  calf. 

Symposium  of  magnesium  and  agriculture.   West  Virginia 
University,  p.  131. 

Tillman,  A.  D.  and  J.  R.  Brethour.   1958a.   Dicalcium 

phosphate  and  phosphoric  acid  as  phosphorus  sources 
for  beef  cattle.   J.  Anim.  Sci.   17:100. 

Tillman,  A.  D.  and  J.  R.  Brethour.   1958b.   Ruminant  utiliza- 
tion of  sodium  meta-,  ortho-  and  pyrophosphates.   J. 
Anim.  Sci.   17:792. 

Toothill,  J.  1963.  The  effect  of  certain  dietary  factors 
on  the  apparent  absorption  of  magnesium  by  the  rat. 
Brit.  J.  Nutr.   17:125. 

Visek,  W.  J.   196  8.   Some  aspects  of  ammonia  toxicity  in 
animal  cells.   J.  Dairy  Sci.   51:286. 

Walser,  M.   1967.   Magnesium  metabolism.   Rev.  of  Physiol., 
Biochem.  and  Exp.  Pharm.   Sprd nger-Verlag,  Mew  York. 

Wilson,  A.  A.   1960.   Magnesium  homeostasis  and  hypomagnesaemia 
.in  ruminants.   Vet.  Rev.   6:39. 


167 


Wise,  M.  B. ,  A.  L.  Ordoveza  and  E.  R.  Barrick.   1963. 

Influence  of  variations  in  dietary  calcium-phos- 
phorus ratio  on  performance  and  blood  constituents 
of  calves.   J.  Nutr.   79:79. 

Wise,  M.  B. ,  R.  A.  Wentworth  and  S.  E.  Smith.   1961. 

Availability  of  the  phosphorus  in  various  sources 
for  calves.   J.  Anim.  Sci.   20:329. 


I  certify  that  I  have  read  this  study  and  that  in  my 
opinion  it  conforms  to  acceptable  standards  of  scholarly 
presentation  and  is  fully  adequate,  in  scope  and  quality, 
as  a  dissertation  for  the  degree  of  Doctor  of  Philosophy. 


-ru2^\^>v^>^'~ 


I  certify  that  I  have  read  this  study  and  that  in  ray 
opinion  it  conforms  to  acceptable  standards  of  scholarly 
presentation  and  is  fully  adequate,  in  scope  and  quality, 
as  a  dissertation  for  the  degree  of  Doctor  of  Philosophy. 


I  certify  that  I  have  read  this  study  and  that  in  my 
opinion  it  conforms  to  acceptable  standards  of  scholarly 
presentation  and  is  fully  adequate,  in  scope  and  quality, 
as  a  dissertation  for  the  degree  of  Doctor  of  Philosophy. 


iTL'  H ,   Ha^A^^    iStff) 


I  certify  that  I  have  read  this  study  and  that  in  my 
opinion  it  conforms  to  acceptable  standards  of  scholarly 
presentation  and  is  fully  adequate,  in  scope  and  quality, 
as  a  dissertation  for  the  degree  of  Doctor  of  Philosophy. 


\tJLs£=L    t  ■     fiA- 


<TfU—~ 


This  dissertation  was  submitted  to  the  Dean  of  the  College 
of  Agriculture  and  to  the  Graduate  Council ,  and  was  accepted 
as  partial  fulfillment  of  the  requirements  for  the  degree  of 
Doctor  of  Philosophy. 


August,  1971 


Dean  /College   of  Agriculture 


Dean,  Graduate  School 


ERSITY  OF  FLORIDA 


3  1262  07332  069  8 


